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6Aim and Scope of This Dissertation
The plant glycoproteins a- and R-momorcharin and the
plant proteins trichosanthin have been shown to be
effective in the induction of mid-term abortion and the
termination of early pregnancy in mice (Law, Tam and
Yeung, 1983 Chan, Tam and Yeung, 1984). In view of the
potential usefulness of these abortifacient proteins for
clinical applications and with the realization that many
plant proteins can often affect immune reactivity
(Edwards et al.,. 1981 Spreafico et al., 1983 Descotes
et al.,1985), it is of importance and interest to
delineate the effect of these three plant proteins on
the immune system. Since plant proteins such as MCI,
PAP-S and gelonin( Spreafico et al., 1983 Descotes et
al., 1985) have been shown to exhibit immunomodulatory
activities on the murine immune system, it is of
interest to know whether the momorcharin and
trichosanthin might also possess similar and comparable
immunomodulatory activities. So, one of the aims of this
thesis is the elucidation of the immunomodulatory
effects as well as the mechanism(s) of action of these
proteins on both the cellular and humoral immune system
by in vivo and*in vitro studies in the hope of devising
effective immunomodulators for clinical use. The fact
that trichosanthin and momorcharin are similar in their
biological properties studied so far and that
trichosanthin has been shown to be effective as an anti-
tumour agent for the treatment of trophoblastic tumours
7such as hydatidiform mole, malignant mole and
choriocarcinoma (Anon, 1972a 1972b 1974 1976c Yao,
1978 Chan, Tong and Lau, 1982) have prompted us to
study their growth-inhibitory activities against a
variety of different transformed and non-transformed
cell lines both in vitro and in vivo.
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3.4.2. Antigenicity and Allergenicity
1. An Overview of the Immune System
1.1., Introduction to the Organization of the Immune System
The function of the immune system is executed by a
collaboration of various types of cells and their secretory
products( Bach, 1976) which play a defensive role for an
organism to combat against the invasion of foreign, nonself
material. There are two broad classes of immune responses:
(1) Cell-mediated immune responses- these involve the
production of specialized cells that react mainly with
foreign antigens on the surface of host cells, either
killing the host cell if the antigen is an infecting virus
or inducing other host cells, such as macrophages, to
destroy the antigen.
(2) Humoral antibody responses- these involve the
production of antibodies, which circulate in the bloodstream
and bind specifically to the foreign antigen that induced
them. The binding of antibody to the antigen makes it
easier for phagocytic cells to ingest the antigen and often
activates a system of blood proteins, collectively called
complement, that helps destroy the antigen.
The lymphoid system is generally discussed in terms of the
central and peripheral lymphoid tissues. Included among the
central lymphoid tissues are bone marrow and thymus. Lymph
nodes, spleen, tonsils, intestinal lymphoid tissue (Peyer's
patches), and other tissues constitute the peripheral
lymphoid tissues. Fowls have a second central lymphoid
2organ, the bursa of Fabricius, that is critical to the
development of immunoglobulin-producing cells. For the
normal functioning of the immune system, a number of other
cell types are involved in addition to lymphocytes. They
are the macrophages, mast cells, basophils, eosinophils and
the complement producing liver cells. Some of the major
cell types of the immune system will be briefly discussed in
the next section.
1.2. Cellular Components of the Immune Response
1.2.1. Lymphocytes
Lymphocytes are the antigen-specific cellular components
of the immune system, acting via receptors on the surface
membrane of every irnmunocompetent cell. Each receptor is
highly specific, and different clones of, lymphocytes
express their own unique specificity. The origin of
lymphocyte specialization is unclear, and debate continues
about whether it is genetically transmitted or induced by
somatic mutation. The primitive lymphoid cells are
derived from the bone marrow and appear to differentiate
into two small lymphocyte populations (T- and B-
lymphocytes). The T-lymphocytes are processed by, or in
some way dependent on, the thymus, and responsible for
cell-mediated immunity such as delayed cutaneous
hypersensitivity responses, rejection of foreign tissue
grafts and tumours, and elimination of virus-infected
cells by cytotoxic T cells (CTL) (Miller, 1978). The E
lymphocytes are bursa-dependent (no anatomical equivaler
of the bursa in man and other mammals has been found, i
seems likely that haemopoietic tissue itself provides ft
appropriate microenvironment for maturation of E
lymphocytes from precursor stem cells) and concerned i
the synthesis of circulating antibody. A third categor
of lymphocytes which lack the classical characteristics o
T and B cells have been found and given the ill-define
name of null cells (Golub, 1977) which may include ste
cells and certain types of cytolytic cells. One type o
cytolytic ceils belonging to this category are the N
cells which are small lymphocytes that originate in th
bone marrow. NK cells are thought to be importan
effector cells against the early stages of tumour growti
prior to the development of fully activated macrophages 8
immune T killer cells (Herberman and Holden, 1978;
Herberman et ah, 1979). They can recognize arid iyse c
wide variety of tumour cells ana other cell lines U
vitro, possibly through receptor binding and release of
lytic factors to induce lytic activity( Leung and Ip,
1985).
1.2.2. Phagocytes
There are two classes of white blood cells that act as
phagocytes, namely, macrophages and polymorphonuclear
leukocytes. The process of phagocytosis essentially
involves the internalization of a portion of the cell
membrane to which is attached the particle being ingested.
4These two types of cell constitute an indispensable host
defense mechanism against invasion by microorganisms. Of
these, macrophages are the major cellular components of
the immune system. They are mainly dispersed in the
secondary' lymphoid organs (lymph node, spleen),
circulating blood (as monocytes) and a variety of other
tissues. Although macrophages are not currently thought
to be specific for any given antigen, their role in.
concentrating and presenting antigens to lymphocytes is a
crucial one. In particular, it is apparently the
macrophage that determines which T cells (thymus-derived
lymphocytes concerned with cellular immunity) will be
induced to stimulation and function by various antigens.
Moreover, the macrophages secrete several biologically
active mediators capable of regulating the type and
magnitude of both T and B lymphocyte responses either by
enhancing or suppressing cell division or differentiation.
In addition, the macrophage plays a key role in antigen
processing, since it is the major phagocytic cell of the
monocyte-macrophage system.
1.3. Evaluation of Cell-mediated Immunity
For the detection and evaluation of cell-mediated
immunity, several methods have been developed and will be
discussed separately.
1.3.1. Cell Proliferation
Lymphocyte transformation was first described by Nowell
5(1960) and then others concerning about the morphologic
changes that resulted when small, resting lymphocytes at
the Go phase (Berger, 1979) were transformed into
lymphoblasts on exposure to the mitogen
phytohaemagglutinin (PHA). Blastogenesis refers to the
process of formation of large puroninophilic blast-like
cells in cultures of lymphocytes stimulated by either
non-specific mitogens or antigens. Cooper (1973)
described there exists at least 4 different types of
stimulants that would lead to lymphoblastogenesis. They
are the non-specific mitogens such as the plant lectins
or certain microbial products (Ling and Kay, 1975) that
evoke significant proliferation on a non-immune basis,
the specific antigens on pre-sensitized lymphocytes,
allogenic lymphocytes on the mixed lymphocyte reaction
(MLR) and soluble mediators secreted by stimulated
lymphocytes. A myriad of complex morphological and
metabolic changes occurs following lymphocyte
transformation( Leob, 1974). These involve early
membrane-related phenomena such as increased synthesis of
phospholipids (Resch and Ferber, 1975), increased
permeability to divalent cations (Maino, Green and'
Crumpton, 1975), activation of adenylate cyclase, and
resultant elevation of intracellular cAMP (Wedner, Bloom
and Parker, 1975). Synthesis of protein, RNA, and
finally DNA occurs shortly thereafter. It is the latter
phenomenon, the increase in DNA synthesis, that
6eventually results in cell division and is the basis for
assays for lymphocyte transformation.
1.3.2. Delayed-type Hypersensitivity
Despite the development of a multitude of complex procedures
for the assessment of cellular immunity, the relatively
simple intradermal test remains a useful tool, occasionally
serving to establish a diagnosis. Delayed-type
hypersensitivity to SRBC in mice was first reported by
Nelson and Mildenhall (1967), who used a subcutaneous (s.c.)
or. intraperitoneal (i.p.) sensitization and the footpad
test. In most cases, the sensitization can be accomplished
by i.p. injection or i.v. injection of the antigen SRBC
(Kettman, 1972 Kerckhaert, 1974). DTH to SRBC is a T-cell
dependent phenomenon in both sensitization and effector
stages and that it required macrophages for manifestation of
the response (Mitsuoka et al., 1978). So, DTH to SRBC can
be used as a measurement for cell-mediated response and is a
test for the T cell function in vivo.
1.3.3. Macrophage function
Macrophages are known to be phagocytic. They were
reported to be capable of internalizing a number of
materials such as polystyrene or polyvinyltoluene particles,
starch particles, diisodecyl phthalate particles
containing oil red, etc. The particles phagocytized can
7be observed under an inverted microscope and by counting
the number of cells that have ingested the particles, we
are able to determine the phagocytic activity of the
macrophage.
Macrophages, upon appropriate stimulation, were known to
be capable of modulating tumour growth, either killing
them or inhibiting their growth in vitro (Hibbs, Weinberg
and Chapman, 1980). Recently, Ruffmann et al. (1984) has
reported that macrophage capable of mediating cytostatic
activity against tumour cell growth can be obtained from
the peritoneal cavity of mice treated i.p. with picolinic
acid, a naturally occurring molecule derived from the
3
metabolism of tryptophan. Manipulation of the H-TdR
incorporation of tumour cell co-cultured with the
cytostatic macrophages provide another way for the
mea-surment of macrophage activity in vitro.
1.4. Humoral Components of the Immune Response
1.4.1. Immunoglobulins
Different classes and subclasses of immunoglobulins
constitute the humoral arm of specific immune
responsiveness. They are the secretory products of
plasma cells which are differentiated B cells and
possess an exquisite specificity determined by the
initial antigenic stimulus. Antibodies are predominantly
ammaglobulins and five classes of immunoglobulins have
9
8been recognized- IgG, IgA, IgM, IgD and IgE, in order
of descending concentrtion in serum. Generally speaking,
antibody molecules are bivalent, which enables them to
crosslink with two antigenic groups and subsequently
results in clumping or agglutination, a process that
might lead to the clearing of antigen in the blood
stream. Besides variation in the variable region of each
antibody molecule that determines its specificity for the
antigen, additional differences are present in the
common, or Fc region, which has allowed for the formal
classification of immunoglobulins.
1.4.2. Lymphokines and Mbnokines
Upon antigenic and mitogenic stimulation, lymphokines and
monokines (soluble. mediators produced by lymphocytes and
moncytes) are released for the modulation of
immunocompetent cell function. A number of lymphokines
and monokines have been described and they include
interleukin-1 produced by macrophages (Mizel, 1982), the
T cell products interleukin-2 and interleukin-3 (Aarden
et al., 1979 Ihle et al., 1981), and the B cell products
migration inhibitory factor, monocyte chemotactic factor,
leukocyte inhibitory factor and interferon etc. (Likhite,
1978). Since it is beyond the scope of this thesis to
describe all these, only interleukin-1 and interleukin-2
would be mentioned.
For the development and maintenance of immune responses,
9the interaction of interleukin-1 and interleukin-2
appears to be a crucial one. Upon antigenic or mitogenic
stimulation, macrophages would release interleukin-1
which converts a subpopulation of Th cell to a state
where ligand triggering causes the specific release of
interleukin-2 (Smith et al., 1979 Larsson et al., 1980
Smith et al., 1980). At the same time, a population of
interleukin-2 receptor bearing pre-effector T cells, upon
interaction with interleukin-2, undergo replicational
phenomenon (Gillis, 1983), as observed in mitogen
stimulated lymphocyte transformation and mixed lymphocyte
reaction. In case where the stimulant is an alloantigen,
interleukin-2 and alloantigen in concert will convert a
pre-cytotoxic T lymphocyte (CTL) to go through a
maturation process into a functional CTL capable of
inducing cytolysis of cells bearing the same alloantigen
which stimulates them (Farrar et al., 1980).
1.5. Evaluation of Humoral Immunity
Humoral responses involve the production of antibodies and
the main strategy for their evaluation depends mainly on the
detection of antibodies and antibody producing cells.
1.5.1-. Agglutination
In case a stable cell or particle suspension is the
antigen that is used to elicit a humoral response, the
detection of antibody titre can be accomplished by the
techniques of agglutination. Agglutination reactions may
10
be classified as either direct or indirect (passive). In
the simple direct technique, a cell or insoluble
particulate antigen is agglutinated directly by antibody.
When the antigen is soluble, a passive agglutination test
can be carried out just by coupling the soluble antigen
onto passive carriers such as cells or other inert
particles. The agglutination of either insoluble native
antigens (typical example is SRBC) or antigen-coated
particles can be simply assessed visually with or without
the aid of a microscope. Important advantages of
agglutination reactions are their high degree of
sensitivity and the enormous variety of substances
detectable through use of antigen- or antigen-coated
particles.
1.5.2 Antibody-producing Cell
To measure for the number of cells capable of secreting
antibodies, mainly of the IgM type, the direct hemolytic
plaque method is usually used. In most cases, SRBC is
used as the indicator that can either be itself the
antigen or carrier for other antigens. Lymphocytes and a
dense suspension of indicator red blood cells are mixed
and distributed in a thin layer. Secreted antibodies
sensitize the indicator red blood cells around the
lymphocyte. With the addition of complement, the red
blood cells lyse and plaques appear. With the help of a
light microscope, the number of plaques or antibody
11
producing cells can be evaluated with high sensitivity.
Plaques caused by cells secreting other classes of
specific antibodies may be measured by indirect methods
that use amplifying anti-Ig sera which form Ig-anti-Ig
complexes, facilitating hemolysis upon complement
treatment (Weiler,Melletz and Breuninger-Peck, 1965
Plotz, Talal and Asofsky, 1968 Sell, Park and Nordin,
1970). An approximate determination of the number of
cells that form plaques indirectly can be made by
subtracting the number of direct plaques from the total
number of plaques measured by the indirect method.
1.6. Immunomodulation
The immune system is a rapidly proliferating and
differentiating target organ system containing many cell
types. Regulation of the immune system involves a complex
interaction of an organized network of cellular components.
They are the macrophages responsible for the accumulation
and presentation of antigen to Th cells for activation
helper T cells for the induction of antibody production by
B cells suppressor T cells that inhibit B cell
differentiation, T cell proliferation and activate
macrophages to become suppressor cells and finally B cells
and their plasma cell progeny (Rola-Pleszczynski, 1982).
In view of the complexity of the immune system, a precise
cellular interaction is essential for the proper
functioning of the immune system. Malfunction in any of
the immune interaction may cause quite a number of diseases
12
such as autoimmunity, immunodeficiency, hypersensitivity as
well as increased risk of having cancer. The increased
interest in the application of pharmacological approaches
and techniques to study immunological processes has led to
the development of agents modifying immune responses for
clinical testing and immunotherapy. Drugs that have been
known to interact with the cellular and humoral
constituents of the immune system resulting in
immunosuppression or immunopotentiation are regarded as
immunomodulators. To cope with the aim and scope of this
thesis, special attention is drawn on immunosuppressants.
Useful immunodepressants should give a rapid, complete and
reversible abrogation of the specifically unwanted
response(s) to a given antigen while sparing not only host
capacity to react immunologically to other stimuli but also
to mount potentially favourable responses (e.g. induction
of suppressor cells) to the target antigen.
Immunosuppressants can be used for treatment of autoimmune
diseases, hypersensitivity, cancer, and in preventing
allograft rejection during organ transplantation.
13
2. A Review on Proteinaceous Immunosuppressants
Non-protein immunosuppressants such as cyclophosphamide,
cyclosporin A, cyclomunine and steroids (Spreafico,
Tagliabue and Vecchi, 1982) have well been documented.
Relatively less is known about immunosuppressants that are
proteinaceous. These factors of biological origin comprise
a group of molecules that might be closer to the ideal
physiologic immunosuppressant that are worth studying for
their therapeutic potential for a variety of immune
diseases. These factors might be classified as animal-
derived and plant-derived proteins for discussion.
2.1. Animal-derived Proteinaceous Immunosuppressants
The serum, seminal plasma, certain tissues and supernatant
of cell cultures are the major source where most of the
factors exhibiting immunosuppressive activities are
isolated. In general, their presence in vivo is critical
for the regulation of the animal immune system. Each of
them will be touched on accordingly.
Ferroproteins
Ferroprotein is mainly formed in the liver for the storage
of irons. Their immunomodulatory properties were discovered
from patients with chronic uremia receiving blood
transfusions (Watson et al., 1979). Individual ferroprotein
or Fe+++ ions have been shown to influence lymphocyte
migration (De Sousa, 1978) and to exert a negative
regulation on macrophage colony formation (Broxmeyer et al.,
14
1978), macrophage cytotoxicity (Weinberg and Hibbs, 1977),
T-lymphocyte E-rosette formation (De Sousa and Nishiya,
1978) as well as CTL-generation. This suppression on the
afferent limb of the immune response is not due to a direct
toxic effect of the protein (Keown and Descamps-Latscha,
1983). Studies of their effect on lymphocyte transformation
revealed that the proteins possibly exert their influence at
least in part by inhibiting the release of interleukin-2 and
thus interrupting cellular interaction (Keown and Descamps-
Latscha, 1983). It is speculated that the ferroproteins
may also pr-event the production of both lymphocyte colony
enhancing factor, (LCEF) and interleukin-1 from the
mononuclear phagocyte (Keown and Descamps-Latscha, 1983).
Interferon
Interferons (IF) can be produced by a variety of non-
lymphoid cellssuch as fibroblast, various cultured lines as
well as lymphoid cells such as monocytes, macrophages and
lymphocytes (Rasmussen et al., 1974). They can be
classified as non-immune (Type I: produced by leukocytes
and fibroblasts) and immune (type II: produced by
lymphocytes) IF. These non-cytotoxic proteins or
glycoproteins have been shown to suppress a variety of
immune responses such as graft-versus-host (GVH) allograft
rejection, alloreactive T cell response in vitro and in
vivo, delayed-type hypersensitivity against Newcastle
disease virus (NDV) (De Meayer and De Meayer-
15
Guignard,1980), blast formation induced by PHA in vivo and
primary and secondary in vitro antibody responses (Spreafico
and Anaclerio, 1977). So, both the humoral and cellular
immunity are affected. This suppressive activity of IF
might, be due to the induction of suppressor cells which
produce a soluble factor that mediated the immunosuppression
(Johnson and Blalock, 1980).
Chalones
Chalones are glycoproteins of molecular weight ranged from
30,000 to 50,000. Chalones are produced from
various tissues such as spleen, thymus etc., as a tissue-
specific but species non-specific endogeneous inhibitor
(Bullough, 1975). They have been reported to suppress PHA-
induced lymphocyte transformation, anti-SRBC responsiveness,
allograft rejection and graft-versus-host reactivity through
a non-cytotoxic mechanism( Houck, 1976). Chalones
isolated from different tissues might 'have different
modulatory specificity on the immune system. Their
mechanism of action is scarcely known. However, in vitro
studies indicated that a block in DNA synthesis might be the
primary cause of their activity( Houck, 1976). As
speculated, chalones of lymphoid organs might be a possible
physiologic immunosuppressant, although their in vivo effect




The low-molecular-weight factor is a cell proliferation-
inhibitory factor and was obtained from cultures of
unstimulated cells( especially crowded cultures) of
peripheral lymphoid organs of various animal species.
Through a non-cytotoxic action, DNA synthesis is decreased,
resulting in the blockage of B and T cell division, either
at their stimulated or resting stage, by the inhibitory
factor. It is possible that they serve as a potential
feedback regulator of lymphocyte proliferation to modulate
DNA synthesis and cell division so as to prevent excessive
responses_of lymphocytes (Ranney, 1975).
Immunoregulatory a-Globulin
a-globulin produced from undetermined site of origin has
been. shown to exert suppressive effect on the T-dependent
immune responses. In vitro studies revealed that the
immunoregulatory a-globulin suppresses mitogen-induced
lymphocyte transformation, T-rosette formation, mixed
lymphocyte reaction and the release of migration inhibition
factor by sensitized lymphocytes (Cooperband et al., 1972).
Menzoian et al (1974) reported that allograft survival could
be prolonged while in vivo primary and secondary response to,,
T-dependent antigens were inhibited by the proteins. It is
possible that immunoregulatory a-globulins serve as a
reversible inhibitor of lymphocyte recognition and
activation but not cell division (Cooperband et al., 1972)
and are likely to be responsible for the normal feedback
17
control of T-cell responses.
a-Fetoprotein
Alpha-fetal protein (AFP) has been known to be synthesized
from liver, as well as immunologically activated spleen and
lymph node mononuclear cells (Keller and Tomasi, 1976). In
vitro studies indicated that AFP suppressed a variety of
immune responses including primary and secondary anti-SRBC
responses, Con A and PHA-induced lymphocyte transformation
and mixed lymphocyte reaction (Murgita and Tomasi, 1975).
However, no in vivo immunomodulatory activity of AFP on
antibody response of the rat could be observed (Sheppard et
al., 1977 and Sell, Shappard and Polar, 1977). How AFP exerts
its action has not been clearly elucidated. It was found that
AFP binds to lymphocytes, especially the T-cells, possibly
acting as a negative feedback signal for the lymphocytes.
The physiological role of AFP as being immunosuppressive
might be for the protection of fetus from the effect of
maternal immune mechanisms. AFP might also be responsible
for the establishment of tolerance to autologous antigens
during embryonic development.
Seminal Plasma
Seminal plasma contains a mixture of secretions derived from
various glands associated with the male reproductive organ
with some component, though minor, from the blood. A number
of immunosuppressive factors have been identified that serve
to protect sperm from immunological damage and prevent
18
sensitization of the female to sperm antigen following
coitus (Stites and Erickson,1975 Anderson and Tarter,1982
Mukherjee et al., 1983). Generally speaking, the seminal
plasma can affect all cell types responsible for the immune
responses. Since the seminal plasma comprises a mixture of
molecules, they possibly act in concert on the immune
system. However, several proteinaceous components isolated
from seminal plasma have been studied individually and
exhibited certain immunosuppressive activities and these are
shown in Table 1.1.
Table 1.1
A table showing the various components in seminal plasma and





Mixed lymphocyte reactionSeminal nucleases and
Mitogen-induced lymphocyte
proteases transformation (Stites and
Erickson, 1975)






cells (Byrd et al., 1977)
Antibody-mediated and cell-
Protein of mol. wt
mediated killing of Gram ve
25,000
organism (James and Hargreave,
1984) J.
Range of mitogen- & antigen
Protein of mol. wt
induced in v itr4 T and B cell
>100.000
responses (Lord et al., 1977)
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The involvement of a number of factors in the inhibitory
activities suggests that the mechanisms of action of the
components of the seminal plasma must be complicated. Since
macrophages are vital to the induction of cell-mediated and
humoral immune responses as accessory and regulatory cells,
many of the inhibitory properties of the seminal plasma
might result from their significant suppression on the
macrophages and possibly other accessory cells (James and
Hargreave, 1984).
Soluble Immune Suppressor (SIRS)
Soluble immune suppressor (SIRS) are secreted from murine
suppressor T cells (Ts) after stimulation of lymphocytes
with mitogens such as Con A. Their production does not
require DNA or RNA synthesis but intact microtubule function
and protein synthesis are required (Pierce and Kapp, 1981.).
Both -humoral and cellular immune responses including the
plaque-forming cell for both T-cell dependent and
independent antigens, mitogen-induced T and B cell
proliferation, mixed lymphocyte reaction and CTL responses
(Pierce and Kapp, 1981) are inhibited by the factor in a
strain-non-specific, and a non-antigen-specific manner..
SIRS are possibly secreted by the Ts subpopulation and their
target site of action might be on the macrophage which in
turn would be stimulated by SIRS to produce a macrophage
suppressor factor, a heat and acid-labile protein of 50,000
daltons (Pierce and Kapp, 1981) that is responsible for all
20
the suppression phenomena observed. Studies of macrophage
suppressor factor alone revealed it inhibits DNA synthesis
of B and T cells, with B cells being more suppressed, as
well as on the antibody synthesis and secretion. So. SIRS
and macrophage-suppressor factor function in a cooperative
manner to induce suppression (Pierce and Kapp, 1981).
Inhibitor of DNA Synthesis (IDS)
Inhibitor of DNA synthesis (IDS) are glycoproteins that are
produced from blast cells after stimulation of spleen and
lymph node lymphocytes with mitogens in vitro or large dose
of antigen in vivo. The fact that lymph node cells arrested
by mitomycin C cannot be stimulated to produce IDS indicates
that DNA synthesis is required for its production (Namba
Jegasothy and Waksman, 1977). These glycoproteins usually
exist as tetramer and inhibit proliferative response of both
B and T cells to mitogens and alloantigens (Folch, Yoshinaga
and Waksman, 1973 Folch and Waksmon, '1973 Folch and
Waksman, 1974). The mechanism of action of IDS might be the
induction of intracellular cAMP through binding of IDS on
receptor found on responsive cells. The receptor would only
be expressed at the appropriate cell cycle, possibly at the
late G1 stage and this might be the limiting factor for the
mediator.
2.2. Plant-derived Proteinaceous Immunosuppressants
Immunosuppressive plant proteins were not studied in great
details until recently. Many of them are inhibitors for
21
protein synthesis and some are even cytotoxic. Out of the
hope of devising an immunomodulator of therapeutic value,
potential immunotoxins can be obtained from them for the
treatment of cancer.
Concanavalin A (Con A)
Con A is a well known lectin isolated from Conavalia
ensiformis (jack bean). Although it has been used as
mitogen that stimulates lymphocyte transformation in vitro,
Con A is also known to be immunosuppressive when
administered in vivo (Egan, Reeder and Ekstedt, 1974 Egan
and Ekstedt, 1974). For example, it suppressed plaque
forming cell responses to SRBC by i.p. injection before
immunization, it delayed allograft rejection in rodents and
primates and inhibited delayed hypersensitivity and
decreased requirement to other immunodepressants in canine
renal transplants (Markowitz et al., 1969. Narayan et al.,
1976). Con A mediates its suppressive activities through
the generation of a population of suppressor T cells in a
transient activated state which would easily lose their
state of activation (Smith et al., 1984). In order for
these short-lived suppressor T cell population to be
functionally active in vivo, the Con A injection must be
appropriately timed to permit them to remain in an activated
state during the early stages of an immune response (Smith
et al., 1984). Similar immunosuppressive effects can be
found on other mitogens such as PHA which reduce both skin
22
and organ allograft rejection and the humoral response to
various antigens when administered during the sensitization
phase (Makinodan, Santos and Quinn, 1970). However, their
mode of action mechanism is less well studied and whether
suppressor T cell is involved remains to be determined.
Momordica charantia inhibitor (MCI)
Gasperi-Campani et al.(1980) has isolated two proteins from
Momordica charantia seeds: one of these, called Momordica
charantia lectin, was a potent haemagglutinin (Lin, Hou and
Chen, 1978) whereas the other one, called Momordica
charantia inhibitor (MCI), was devoid of haemagglutinating
activity. They are known to be protein synthesis inhibitor
in vitro, with MCI having greater potency (Barbieri et al.,
1980). Although MCI has been shown to be cytotoxic
(Licastro et al., 1980), it was found that MCI at non-
cytotoxic doses could suppress the rejection of H-2
incompatible skin allografts. In addition, MCI also
inhibited the splenocyte responsiveness to T cell mitogens
such as Con A and PHA, but not to B cell mitogen such as
LPS, as well as suppressing the PFC response to a T-
dependent (SRBC) antigen while totally sparing the humoral'
response to a T independent (SIII) stimulus (Spreafico et
al., 1983). In contrast, at concentration lower than ID50
for protein synthesis, MCI appears to enhance macrophage-
mediated cytotoxic capacity. From these findings,
speculative action mechanisms have been proposed: MCI might
activate regulatory macrophages which then down regulate
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the activity of other immunocytes (Allison, 1978 Cudkowicz
Hochman, 1979). Alternatively, MCI might act selectively
on the T-cell population, including the T-regulatory cells,
resulting in an enhanced macrophage cytotoxicity. Finally,
whether e derangement in protein synthesis is the only or
major mechanism implicated in the in vivo immunological
effects of MCI has remained to be determined.
Pokeweed Antiviral Protein (PAP-S)
PAP-S is a plant protein of molecular weight 31,000
and is ex-tracted from the seeds of Phytoalacca americana.
It possesses close similarity to Ricin A chain and is known
to be a potent inhibitor of protein synthesis in cell-free
system. It is toxic to intact cells but the toxicity is
much less potent than Ricin and Abrin (Irvin, 1975 Barbieri
et al., 1980 Barbieri et al., 1982). PAP-S was found to be
immunodepressive and exhibited a similar profile of activity
o et al., 1983) such as suppression of the
as MCI( Spreaf i c
T-cell mitogen induced lymphocyte transformation, allograft
rejection, and PFC response to a T-dependent (SRBC) antigen.
Th ey differ from MCI in that PAP-S affects NK-cell activity
whereas MCI has no effect. This difference might be due to,,
the more Potent inhibitory effect of PAP-S on protein
synthesis. The mechanisms underlying these immunodepressive
are not clearly understood. They may work through
effects
activation of regulatory macrophages or direct suppression
nn T-cell population in a similar way as that .of MCI
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(Spreafico et al., 1983).
Gelonin
Gelonin is a 30,000 dalton glycoprotein extracted from the
seeds of Gelonin multiflorum. The protein is in close
similarity to the chain A of the plant protein Ricin in that
it is inhibitory on the in vitro protein synthesis by
inactivating the 60 S ribosomal subunit so that elongation
factor 2 cannot bind (Barbieri and Stripe, 1982). Studies
on its immunomodulatory properties were largely done by
Descotes et al. (1984). They indicated that Gelonin
suppressed a variety of immune responses, such as B and T-
mitogen induced lymphocyte transformation and macrophage-
dependent cytotoxicity through in vitro studies. On the
other hand, the NK activity was not affected. In vivo
studies have shown that Gelonin exhibited a similar effect
on mitogen-induced lymphocyte transformation and macrophage-
dependent cytotoxicity. When Gelonin was given before
antigen stimulation in vivo, the primary humoral antibody
response to the T-dependent antigen (and to a lesser extent
the T-independent antigen) was found to be reduced. Similar
treatment would also decrease the resistance of mice to
allogeneic tumour graft as well as to L. monocytogenes
challenges. The cells of the mononuclear-phagocytic lineage
might be a possible target for the plant protein. Gelonin
might also act selectively on certain subpopulations of T
cells. It is likely that the B-cells are less probable to
be a target for the toxin. Since protein synthesis is known
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to be required for the expression of cellular reactivities
such as response to mitogens and macrophage-mediated
cytotoxicity (Sharma and Piessens, 1978), whether their
inhibitory activity on protein synthesis is the only or
major mechanism involved in the immunodepression observed
remains to be determined.
Ricin
Ricin is a plant protein isolated from the seeds of Ricinus
communis L. that is famous in its high cytocidal effect.
The ricin cytocidal effect is generally attributed to the
action of the A chain of molecule which enzymatically
interferes with the binding of the 60 S ribosomal subunit to
elongation factor 2 and thus irreversibly inhibits protein
synthesis, whereas the B chain mediates the binding of the
molecule to the cell membrane (Olnes and Phil, 1982).
Synthesis of DNA was also inhibited by ricin on mouse L1210
leukemic lymphoblasts. This might be responsible for the
immunodepressive effect for ricin on the immune response of
mice to SRBC and the mitogen-induced lymphocyte
transformation (Edwards et al., 1981).
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3. Abortifacient Plant Proteins
Three abortifacient plant proteins were studied for
their immunomodulatory activities and anti-tumour
properties in this thesis. They are the trichosanthin,
a-momorcharin and R-momorcharin. Their biological
activities and chemical properties are briefly summarized
as follows.
Source and Isolation3.1
Trichosanthin, a- and p-momorcharin were isolated from
the root tuber of the Chinese medicinal plant
Trichosanthes kirilowii and the seeds of the bitter melon
(Momordica charantia) of the family Cucurbitaceace
respectively. Trichosanthin (TCS) was purified from the
root tuber of Trichosanthes kirilowii by extraction
protocol involving fractional precipitation with acetone
crystallization and sometimes on CM-
Sephadex C-50 columns for further purification (Wang, Lin
and Zhu, 1976 Jin et al., 1981). On the other hand,
both a- and R-momorcharin (MMC) were extracted from the
seeds of bitter melon through the use of techniques
including aqueous extraction, acetone fractionation,
ammonium sulfate precipitation and ion-exchange
chromatography (Yeung et al., 1985).
Physicochemical properties3.2.
Molecular weight3.2.1.
Molecular weight of the three plant proteins were
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determined by both SDS-PA gel electrophoresis and gel
filtration (Yeung et al., 1985 Wang, 1985). Their
molecular weights were found to be similar and around
30,000. Amongst the three proteins, trichosanthin
was, shown to contain no neutral sugar with the smallest
molecular weight of 26,000 whereas the
molecular weight of a-momorcharin and p-momorcharin,
which are glycoproteins in nature, were found to be
29,000 and 31,000 respectively.
3.2.2. Primary Structure
Studies of the amino acid composition of trichosanthin
a- and p-momorcharin have revealed that they are single
chain proteins containing no cysteine residue in their
primary structure (Wang, 1985 Yeung et al., 1985).
According to the result of their electrophoretic mobility
and the pI value of trichosanthin, they should be
proteins carrying a net positive charge,' possibly due to
the fact that Asx and*Gix mainly exist in the form of Asn
and Gln in these three abortifacient proteins and the
sum of basic amino acid Lys, Arg, and His are expected to
be larger than the sum of Asp and Glu, rendering these
abortifacient proteins to be basic in nature.
1985) andThe complete sequence of trichosanthin (Wang,
the sequence of the first 12 amino acid residues of
momorcharin has been worked out. It is very interesting
to find out that they have a very similar sequence and
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Asp appears to be the common residue at the N-terminal of
all three proteins.
3.2.3. Secondary Structure
The secondary structure of trichosanthin, a- and
momorcharin are similar in that they contain
approximately the same amount of a-helix (30%) and p-
pleated sheet (40-60%) (Pan et al., 1985a 1985b). The
fact that these proteins have similar primary and
secondary structure but different stability to surface-





Observations on the effect of the three proteins in
inducing mid-term abortion has been reported in humans
(Anon, 1976b), rabbits and monkeys (Wang et al., 1976
Saksena, Chang and Lau, 1979 Lau, Saksena and Chang,
1980). The potency of the proteins in inducing mid-term
abortion is highest for a- and p-momorcharin while
trichosanthin appeared to be comparatively less potent.
Xiong et al., (1976) reported that trichosanthin exerted
direct and specific injurious effects on human
syncytiotrophoblasts. The mechanism of the abortifacient
action of trichosanthin was postulated to-be through its
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direct specific action on placental trophoblasts (Anon,
1976a Wang et al., 1976 1978). Similar result was
reported for a- and p-momorcharin (Law, Tam and Yeung,
1983 Chan, Tam and Yeung, 1984 Tam, Chan and Yeung,
1985). It has been suggested that the proteins may
damage the syncytiotrophoblasts of the placental villi
releasing clumps of disintegrating cells into the
circulation which hinders blood circulation in the
placenta and leads to tissue necrosis and eventually
ahnrtinn (Tsao. Yan and Yeunq, 1986).
2. Termination,of Early Pregnancy
Trichosanthin, a-momorcharin and a-momorcharin were
reported to be capable of inducing abortion during early
pregnancy of mouse (Law, Tam and Yeung, 1983 Chan, Tam
and Yeung, 1984 Tam, Chan, and Yeung, 1984 Tam, Law and
Yeung, 1984). The proteins were shown to exert their
effects by blocking the hatching of embryos from the zona
pellucida, decreasing the incidence of successful
attachment of the blastocyst, reducing the trophoblast
outgrowth and disrupting the development of inner cell
mass. These not only result in the retardation of the
development of the embryos but also prevent their
implantation, leading to the termination of early
pregnancy.
3.3.2. Anti-tumour Effect
Trichosanthin has been used clinically for the treatment
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of trophoblastic tumours. The prognosis of hydatidiform
mole was better than choriocarcinoma when using
trichosanathin for treatment of the cancer patients. Pan,
Xian and Yeung (1985) have reported that trichosanthin
and a-momorcharin exerted an inhibitory effect on the
growth of a murine sarcoma (S180) in vivo. Moreover,
trichosanthin was also found to have anti-tumour effect
on murine tumours such as L-2 tumour and B-16 melanoma.
Recent studies using in vitro culture method have shown
that trichosanthin, a-and R-momorcharin might have
similar inhibitory effect on human tumours such as head
and- neck tumour (LICR/HN4), nasopharyngeal carcinoma
(NPC/HK1), and transformed fibroblasts (Fib 2), making




From the work of Poon (1981), an immunosuppressive effect
of trichosanthin on cell-mediated responses of mice was
observed both in vitro and in vivo. In vitro immune
reactions such as Con A- and LPS-induced lymphocyte
transformation, mixed lymophocyte reaction, and in vivo
reaction such as delayed-type hypersensitivity to SRBC
were significantly suppressed by the protein. The
protein did not appear to exert its effect on Con A-
induced lymphocyte transformation by interfering with the
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binding of Con A onto cell surface receptors. The
immunosuppressive effect of the other two abortifacient
proteins, a- and R-momorcharin has not been studied so
far.
3.4.2. Antigenicity and Allergenicity
It has long been known that trichosanthin can induce
hypersensitivity, with the resultant production of
antibodies against trichosanthin, implying that the
protein is highly immunogenic. Zheng, Li and Yeung
(1986) reported that injection of trichosanthin, a- and
R-momorcharin with aluminium hydroxide as adjuvant into
mice would result in the production of high titre of IgE
against the respective proteins. The titre of IgE was
found to be highest for R-momorcharin, medium for a-
momorcharin and lowest for trichosanthin. However, these
proteins are also capable of suppressing IgE production
as elicited by antigens other than th'e abortifacient
proteins, for example, ovalbumin (Zhen, Li and Yeung.
1986). These results have indicated that the
abortifacient proteins may have immunomodulatory effects
on immune system, i.e. they will both stimulate the
production of specific antibodies including IgE and
suppress immune responses.
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CHAPTER 2: MATERIALS AND METHODS
Experimental Animals
d b
Inbred BALB/c (H-2), C57BL/6J (H-2) mice, Lewis rat and
guinea 'pigs were bred at the University Animal House, The
Chinese University of Hong Kong. Mice of the same age (6-
10 wk old) and same sex were used in each experiment.
Buffers, Solutions and Culture Media
Alsever's Solution
20.5 g dextrose, 4.2 g sodium chloride, 8.0 g sodium
citrate and 0.8 g citric acid were dissolved in 1000 ml of
double distilled water (DDW). The pH was adjusted to 6.1
with 10% citric acid and the solution was sterilized by
0
autoclaving at 121 C for 15 min. This solution was used
for collection and storage of red blood cells.
Sodium Chloride Solution (Saline)
0.85% solution of sodium chloride was prepared in DDW.
Phosphate-buffered-saline (PBS)
PBS was prepared by dissolving 8.0 g NaCl, 0.2 g KC13
1.15 g Na HPO4, 0.2g KH P04 in 1000 ml DDW. The pH of
2 2
the solution was adjusted to 7.3 and the solution was
0
sterilized by aftclavina at 121 C for 15 min.
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Tris-buffered Isotonic Ammonium Chloride Solution (ACT
Solution, Lysing solution)
Nine volumes of 0.83% aqueous NH4C1 were mixed with 1
volume of Tris buffer (20.59 g Tris base per litre and the
pH adjusted to 7.65 with 1 M H C 1). The p H was finally
adjusted to 7.2. The solution was made sterilized by
passing through a 0.22µ m pore size millipore filter
(Whatman).
Hank's Balanced Salt Solution (HBSS)
For the preparation of 1 litre of HBSS, powdered Hank's
Balanced Salt (Sigma Chem. Co., U.S.A.) was*dissloved in 1
litre of DDW containing 0.35g sodium bicarbonate. The pH
of the solution was'adjusted to 7.2 and was sterilized by
membrane filtration.
RPMI-1640 Medium
RPMI-1640 powder (Sigma Chem. Co., U.S.A.) for 1 litre
preparation was dissolved in 1 litre of DDW containing 0.85
g of NaHCO3 and 4.766 g Hepes (Sigma Chem. Co., U.S.A.).
The pH of the solution was adjusted to 7.2 and was
sterilized by membrane filtration.
Foetal Calf Serum (FCS)
Foetal calf serum was obtained from Gibco, U.S.A. The FCS
0
was prepared as 20 and 10 ml aliquots and stored at -20 C
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until use. Heat-inactivated FCS (HIFCS) was prepared by
0
incubating the aliquots at 56 C for 30 min. FCS was
usually used as a supplement to growth medium for cell
culture and the final concentration was normally 10%.
Calf Serum (CS)
Calf serum purchased from Gibco, U.S.A. was stored at -20
0
C as 20 and 10 ml aliquots. Heat-inactivated calf serum
(HICS) was prepared as described previously.
Penicillin-Streptomycin-Fungizone Solution (PSF)
Penicillin-streptomycin-f ungizone solution was obtained
from Gibco, U.S.A. Stock solution (100 x) containing
10,000 units/ml of penicillin G. 10,000 µg/m1 of
streptomycin sulfate and 300 µg/ml of fungizone was stored
0
at -20 C as 5 ml aliquots. Usually, RPMI-1640 medium
supplemented with 10% FCS and 1% of the PSF stock (complete
RPMI medium) was used for the in vitro cell culture.
Trypan Blue Solution
A 0.1% solution of trypan blue (Sigma Chem. Co., U.S.A.)
was made in PBS to assess the viability of cells.
2-Mercaptoethanol solution (2-ME)
A 0.1 M solution of 2-mercaptoethanol (Sigma Chem. Co.,
0
U.S.A.) in sterilized DDW was prepared and stored at -20 C
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as 200 µl aliqouts.
Mitomycin C Solution
Mitomycin C (Sigma Chem. Co., U.S.A.) was dissolved in PBS
at a concentration of 0.5 mg/ml and was sterilized by
0
membrane filtration. The solution was stored at 4 C and
protected from light by wrapping the vial containing the
solution with tin foil.
Mitogens
Mitogens such as concanavalin A (Con A),
phytohaemagglutinin (PHA), lipopolysaccharide (LPS) and
dextran sulfate (DS) were purchased from the Sigma Chem.
Co., U.S.A. They were dissolved in PBS (1mg/ml), millipore
0
filtered and stored in 0.5 ml aliquots at -20 C until use.
Picolinic Acid (PLA)
Picolinic acid solution in PBS at a concentration of 5
mg/ml was prepared fresh before use. 0.5 ml of the PLA
solution was injected into each C57BL/6J mouse with a body
weight of 25 g.
Corynebacterium parvum (C. parvum)
Formalin-killed Corynebacterium parvum was obtained from
Wellcome Research Lab., U.K. A 20 mg/ml solution in PBS
0
was prepared and stored at 4 C. For use, the solution
was diluted to appropriate concentration so that 350 µg of




A 10% (w/v) solution of proteose peptone (Difco Lab.,
Detroit, U.S.A.) in DDW was sterilized by membrane
filtration. For elicitation of mouse peritoneal exudate
cells (PEC), each mouse was injected intraperitoneally
(i.p.) with 1 ml 10% proteose peptone (aged for at least 3
wk) and PEC harvested 3 days afterwards.
Thioglycollate Solution
A 10% (w/v) solution of thioglycollate (Difco Lab.,
Detroit, U.S.A.) in DDW was sterilized by autoclaving. The
solution was aged for at least two months in the dark
before use. Usually, 1 ml of 10% thioglycollate solution
was injected i.p. into each mouse to induce peritoneal
acute inflammation.
Abortifacient Protein Solutions
A solution of 1 mg/ml of each of the abortifacient proteins
in PBS was prepared and was sterilized by membrane
filtration. Protein concentrations were determined by
Folin-Lowry procedure (Lowry, et al., 1951).
Latex Particles
1% latex particles (0.8 m, Sigma Chem. Co., U.S.A.) in PBS
0
was prepared and store at 4 C. The suspension was
sonicated to break down aggregates for 30 min before use.
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Complement
Guinea pig sera provide a source of complement. Female
guinea pigs aged about 3 months old were obtained from
University Animal House, The Chinese University of Hong
Kong. Blood of anaesthetized guinea pigs was collected by
cardiac puncture with a 50 ml syringe fitted with a 19 G
needle. Whole blood was immediately allowed to clot by
0
standing at 4 C for 3 hr. Clear sera were collected
without disturbing the clot. The sera were freed of red
cells and debris by centrifugation. Since the sera were
used as complement source for haemolytic plaque assay
therefore, autoantibodies against SRBC in sera were removed
0
by incubating excess of SRBC with the sera at 4 C for 30
min. After removal of SRBC by centrifugation, the sera
0
were stored at -20 C as 1 ml aliquots. The sera were
usually, tested for complement activity by their ability to
form plaques in the haemolytic plaque assay before
experiments being carried out.
Scintillant
Scintillation fluid contained 0.01% w/v dimethyl-1, O-
bis (2-(5-phenyloxazol)) benzene (POPOP) and 0.4% w/v 2,5-
diphenyloxazole (PPO) in Toluene (Fisher).
Cell Lines d
The various murine tumour cell lines such as P815-X2 (H-2)
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(a methylcholantrene-induced mastocytoma of DBA/2 mice),
d
PU5-1.8 (H-2) (a macrophage-like cell line derived from
b
BALB/c mice), MBL-2 (H-2) (a Moloney leuKemia virus-induced
T ceii lymphoma of C57BL/6J mice) and YAC-1 (H-2a) (a Moloney
virus-induced T cell lymphoma of A/Sn mice) were maintained
in suspension cultures in complete RPMI medium (RPMI 1640
medium supplemented with 10% FCS and antibiotics) and sub-
cultured every 2-3 days.
The Ehrlich ascites tumour (EAT) cells were obtained from
Dr. K.P. Fung, Department of Biochemistry, The Chinese
University of Hong Kong. The cells were maintained either
in suspension culture in complete RPMI medium or by weekly
intraperitoneal passage in C57BL/6J mice.
The- C3H mouse derived L929 continuous fibroblasts and the
2
baby hamster kidney cells (BHK-21) were maintained in 25 cm
tissue cultures flask in 10 ml complete RPMI medium. When
the cells formed an almost confluent monolayer, they were
trypsinized (0.1% trypsin containing 0.04% EDTA) for
0
min at 37 C, washed three times with complete RPMI medium
5
and 10 viable cells were seeded, per flask. Primary
cultures of mouse embryonic fibroblasts were prepared by
mincing the near-term BALB/c mouse embryos aseptically in
PBS5 followed by trypsinization with 0.1% trypsin
0
containing 0.04% EDTA for 15 min at 37 C. Trypsinization
R
was stopped by addition of complete RPMI medium to the
trypsinized cell suspension. The cells were washed thrice
6
and then resuspended at a concentration of 0.5-1 x 10 /ml
in complete RPMI medium. 10 ml of the cell suspension was
2seeded onto a 25 cm tissue culture flask and then
o
incubated at 37 C for 4-5 days. Cells were checked for
sterility and were usually used for experiments at their
second passage.
The human choriocarcinoma cell line (JAR) and the human
head and neck cancer cell line (LICRHN 11) were obtained
from Dr. S.W. Tsao, Department of Anatomy, The Chinese
University of Hong Kong. They were maintained as monolayer
cultures in Dulbecco's modified Eagle's medium supplemented
with 10% FCS and antibiotics. The rat hepatoma cell line
(H35, also- provided by Dr. S.W. Tsao) was maintained as
monolayer culture in Eagle's medium supplemented with 10%
FCS and antibiotics.
Preparation of Abortifacient Proteins
Isolation ofa-andp- momorcharin (MMC)
The procedure used for the isolation and purification of
a- and p-momorcharin (MMC) from bitter melon seeds had
been described in details by Law (1983) and Chan(1984).
Briefly, Momordica seeds were extracted with normal saline
and the extract was subjected to acetone fractionation
(Chart 1). The precipitate thus formed was redissolved and
subjected to chromatography on CM-Sepharose CL-6Bi
(Pharmacia). Fractions eluted from the column successively
with a salt gradient designated as C1, C2, C3, C4, C5 and
C6 are the partially purified preparations of
40
abortifacient proteins. Chromatography of C5 and C6 on
Sephadex G-100 columns (Pharmacia) yielded momorcharin (C5-
61) and momorcharin (C6-G1) and the corresponding low
molecular weight inactive contaminants C5-G2 and C6-G2..
The formers (C5-G1 and C6-G1) were shown to be homogeneous
by SDS-polyacrylamide gel electrophoresis and
immunoelectrophoresis (Yeung et al., 1985). In this thesis,
most in vitro experiments were done using C5-G1 and C6-G1
(designated as a-and R-MMC respectively) whereas C5 and
C6 were generally used for in vivo treatment of mice.
Purification of Trichosanthin (TCS)
The method described by Poon (1981) was essentially
followed (Chart 2). Briefly, the root tuber of
Trichosanthes kiriolwii was soaked in distilled water for 2
days, cut into small pieces, homogenized and filtered. The
extract was then subjected to acetone fractionation, giving
rise to the AP4 fraction which was further purified by
ammonium sulphate precipitation. The resulting S40
fraction was then applied to a column of CM-Sepharose CL-6B
(Pharmacia). Purified TCS could be obtained first by
isocratic elution with 0.05 M phosphate buffer, pH 6.4
followed by gradient elution with 0-0.3 M PBS, pH 6.4. The
-fi'nal preparation was shown to be homogeneous by SDS-
polyacrylamide gel, electrophoresis and
immunoelectrophoresis.
Chart 1
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In Vivo Drug Treatment
Unless otherwise stated, abortifacient proteins of 100 Mg
were usually injected intraperitoneally into the abdominal
cavity of mouse having a body weight of 25 g. In some
cases, intravenous injection of the same amount of
abortifacient protein into the tail vein of mouse was
tried.
Isolation and Preparation of Cells
Red Blood Cells (RRf
Sheep red blood cells (SRBC) were purchased from Serotec.
Co., UK. Mouse red blood cells were collected by cutting
the tail veins of mice that have been heated up to induce
vasodilation under a light bulb. Whole blood samples were
o
stored in Alsever's solution at 4 C and were used within 6
wk. The cells were washed three times with PBS (pH 7.3)
immediately before use in all experiments.
Peritoneal Exudate Cells (PEC]
Mice were killed by excessive exposure of mice to
anaethetic ether. The skin at the abdominal area was
cleaned with 70% ethanol. A V-shape was cut through the
skin of the abdomen which was pulled back. 5 ml of ice-
cold PBS (pH 7.3) was injected i.p. Peritoneal fluid was
collected using a 21-gauge needle. Each mouse was lavaged
twice. The cells were pelleted by spinning at 250 xg for




Spleens from groups of 3 to 4 mice were removed
aseptically, minced with a pair of scissors and pressed
through a sterile 60 mesh stainless steel screen with the
plunger of plastic 5 ml syringe. Large cell clumps were
removed by centrifuging at 300 xg for 10 sec. The cells
were then pelleted and resuspended in Tris-NH4C1 buffer at
room temperature for 5-10 min to lyse red blood cells in
order to facilitate cell counting. However, this step was
usually omitted since RBC could be distinguished from
splenocytes quite easily. The cell suspension was then
0
centrifuged at 4 C at 300 xg and washed three times with
RPMI medium. The viability of the final cell suspension
was determined by the trypan blue dye exclusion method
(Philip, 1973) and was usually in excess of 90%.
Enrichment of Macrophages
6
PEC or splenocytes were adjusted to 2x10 /ml in complete
RPMI medium and either 1 ml or 100 pl of the cell
suspension was added into each well of a flat-bottomed 24-
well or 96-well microtiter plate (Flow Lab. Ltd., U.K.)
respectively. The plates were kept in a humidified
atmosphere containing 10% C02 in air. In the presence of
0
FCS at 37 C, macrophages attach firmly onto plastic surface
After an incubation period of 2-3 hr, the medium was
discarded and the plates were washed thrice with warm RPMI
medium to ensure the complete removal of non-adherent
cells. Appropriate volume of complete RPMI medium was then
added according to experimental requirement.
Test for Lectin-like Activity of Abortifacient Proteins
The haemagglutinating activity of the abortifacient
proteins was tested as follows. Serial 2 fold dilutions of
200 ngml of abortifacient proteins were made with PBS in
96-well round-bottomed microtiter plates in a final volume
of 50 |il. 50 ijlI of 0.5% SRBC or mouse RBC was then added
to each well and the plates were allowed to stand at room
temperature for 2 hr'.
Lymphocyte Cultures
In Vitro Lymphocyte Transformation
The blastogenic responses of lymphocytes to the T-cell
mitogens Con A, PHA and the B-cell mitogen LPS, DS were
determined by the measurement of the rate of DNA synthesis
by the incorporation of H-thymidine( HTdR) into DNA.
Viable spleen cells (5 x10 cells) were cultured with
mitogens in 0.2 ml complete RPMI medium in flat-bottomed
96-well microtiter plates. Mitogens were usually used at a
predetermined optimal concentration, say, 3 ngml for Con
A, 10 iigml for PHA, 30 jigml for LPS and 40 jigml for DS.
The cultures were incubated for 48 hr at 37 C in a
humidified atmosphere containing 10% C02 and pulsed with
30.5 Ci H-TdR (2 mCiml, Amersham International Ltd.) for
6 hr before harvesting onto glass fibre filters using a
Titertek multiharvester (Flow. Lab Ltd., U.K.)
3
Incorporated H-TdR label was counted in a Beckman
scintillation counter and results were expressed as net cpm
per culture.
Mixed Lymphocyte Culture
A one way mixed lymphocyte reaction (MLR) was carried out
as described by Bradley et al. (1980). BALBc splenocytes
7
at a concentration of 1-6x10 ml were incubated with 25 ng
mitomycin C perml cell suspension for 30 min at 37 C
with occasional shaking. The cells thus treated were
washed three times with RPMI medium and resuspended in
complete RPMI medium. The mitomycin C treated BALBc
splenocytes were inhibited to respond to allogenic
stimulation and were served as the allogenic stimulator in
the one way MLR using C57BL6J splenocytes as the
5
responder. 5x10 mitomycin C treated BALBc spleen cells
were co-cultured with an equal number of C57BL6J
splenocytes in a final volume of 0.2 ml complete RPMI
medium in each well of a flat-bottomed 96-well microtiter
plate. After incubation for 72 hr in a humidified
o
atmosphere containing 10% C02 in air at 37 C, the cells
were given a 20 hr pulse with 0.5 nCi H-TdR and
radioactivity incorporated was determined by liquid
scintillation counting.
Generation of Alloreactive Cytotoxic T Lymphocytes In Vitro
and Assay of Cell-mediated Lympholysis
The procedure described by Engers, Brunner and Cerottini
(1976) was essentially followed.Mitomycin C treated BALBc
5 5
splenocytes (2 x 10) and C57BL6J splenocytes (10) in 0.2
5
ml RPMI medium supplemented with 10% HIFCS and 5 x 10 M
2-ME were added into each well of a round-bottomed 96-well
microtiter plate (Costars Cambridge, U.S.A.). The culture
o
was incubated at 37 C under a gas phase of 10% C02 in air.
Each well was replenished on day 2 and day 5 with 50 nl
5
RPMI medium supplemented with 10% HIFCS and 5 x 10 M 2-
ME. Cytotoxicity of the effector cells generated was
measured on day 6, using the standard Cr release assay.
0
For the measurement'of cell-mediated lympholysis, 5 x 10
d
P815 targets (H-2) were labelled with 200 jjiCi
51
(Na Cr04, 350-600 mCimg chromium, Amersham, U.K.) for 1
o
hr at 37 C with occassional gentle shaking. The cells were
then washed twice with RPMI medium and cell concentration
resuspended at 10 ml in RPMI medium supplemented with 10
% HIFCS. On day 6, 100 1 supernatant was removed from
4 51
each well of the primary culture and 10 Cr-labelled P815
rplls in 0.1 ml volume were added. After a further
incubation period of 8 hr, 100 1 supernatant was carefully
sucked up from each well and the radioactivity of the
supernatant removed was counted in a Beckman gamma counter.
For spontaneous lysis, 0.1 ml RPMI medium supplemented with
10% HIFCS was added to 0.1 ml labelled targets. For
51
maximum releasable Cr, 0.1 ml 10% triton-X100 was added
to 0.1 ml labelled target cells. The percentage specific
lysis was calculated as follows:
% Specific lysis=
Test culture counts- Spontaneous release counts
Maximum releasable counts- Spontaneous release counts
x 100
Delayed-type Hypersensitivity (DTH)
BALBc mice in groups of four were given an intravenous
6,
injection of 1x10 SRBC in 0.2 ml PBS for sensitization.
Control mice were injected i.v. with an equal volume of
PBS. Four days after antigen sensitization, the left and
right hind footpad thickness of mice were measured using a
Schnelltaster caliper (Kroplin, Germany) and their mean
footpad thickness determined. Each mouse was then
8
challenged with 10 SRBC in 50 n1, injected
subcutaneously into the right hind footpad. The same
volume of PBS was injected into the left hind footpad as a
control. Footpad thickness was measured at 24, 48 and 72
hr after antigen challenge and results were expressed as
the percentage mean increase in footpad thickness( Leung,
Ada and Mckenzie, 1980).





= thickness of right hind footpad
= thickness of left hind footpad
= mean thickness of left and right footpad 01
all experimental animals before challenge
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Haemolytic Plaque Assa
C57BL6J mice in arouns of four were immunized i.D. with-
5
SRBC. Spleen cells obtained 4 days later wen
suspended at 1 x 10 ml. SRBC at a concentration of 1.5-2
9
x 10 ml were mixed with guinea pig complement so that when
175 pi of this mixture was added to the wells of a flat-
bottomed 96-well microtiter plate containing 75 pi of the
splenocytes. A measured volume of this splenocyte-SRBC-
complement mixture was added to each micro-chamber formed
between two glass slides adhered together by stripes of
doubled-sided Scotch tape. The open edges of the
microchamber were sealed with melted paraffin wax.
Microchambers containing the cell mixture were laid flat
o
and incubated for 1 hr at 37 C. IgM plaques were counted
under an inverted microscope. Results were the mean of
49
triplicate chambers and expressed as the number of plaque-
6
forming cell (PFC) per 10 spleen cells.
Haemagglutination Assay
8
C57BL/6J mice were immunized i.p. with 4 x 10 SRBC. The
sera of mice collected on day 7, 14, and 21 after antigen
immunization were heat-inactivated at 56 oC for 30 min to
remove non-specific inhibitors. Serial 2-fold dilutions of
the immune sera were made with PBS in 96-well round-
bottomed microtiter plates in a final volume of 50 µl. 50
µl of 0.5-% SRBC was then added to each well and the plates
were allowed to stand at room temperature for at least 2 hr
and the haemagglutination endpoints were recorded. The
titre of the serum was expressed as the reciprocal of the
highest dilution of the serum which gave a positive result
of haemagglutination.
In Vivo Migration of Macrophages
The method described by Gervais, Martel and Skamene (1984)
was adopted. C57BL/6J mice in groups of 4 were injected
with 1 ml 10% Brewer's thioglycollate medium. Three days
.later, PEC of individual mouse were harvested and counted.
PEC from mice of the same group were pooled and adjusted
6
to 2 x 10 /ml in complete RPMI medium. 0.2 ml of the
pooled PEC suspension of each group was then added into
triplicate wells in a flat-bottomed 96-well microtiter
0plate. After 3 hr of incubation at 37 C in a humidified
atmosphere containing 10% C02 in air, the number of non¬
adherent cells recoverable was counted and then the number
of adherent cells could be deduced.
Phagocytosis Assay
The method of Kohl et aj_. (1977) was principally followed.
PEC from mice elicited with 1 ml of proteose peptone
6
broth were harvested 3 days later and adjusted to 2x10 ml
in complete RPMI medium. Into a siliconized borosilicate
test-tube, 0.5 ml of the PEC suspension and 25 1 of 1%
latex were mixed. The mixture was kept shaking in a
o
shaking water bath for 1 hr at 37 C. Unphagocytised latex
was removed from the mixture by layering the cell
suspension onto 2 ml HICS and then centrifuging at 300 xg
for 5 min. The cell pellet was resuspended in complete
RPMI medium and the percentage phagocytosis was calculated
by cell counting using a haemacytometer under a phase
contrast microscope. Cells containing at least three latex
particles as perceived under the microscope were considered
as phagocytic.
Macrophage-mediated Cytostasis
Cytostatic PEC cells were obtained in vivo by activation
with picolinic acid (Ruffmann et ah, 1984). Briefly,
freshly prepared picolinic acid dissolved in PBS at a
concentration of 5 mgml was injected i.p. into C57BL6J
mice (0.5 ml per 25 gm body weight). Three days later, the
PEC were harvested with cold PBS. After washing three
times with HBSS, the cells were resuspended in complete
6
RPMI medium at 2x10 ml. 0.1 ml PEC suspension was added
into each well of a flat-bottomed 96-well microtiter plate.
o
After 6 hr of incubation at 37 C, non-adherent cells were
4
removed by three washes with warm medium. 10 MBL-2 cells
(a Moloney virus-induced T cell lymphoma of C57BL6J mice)
supplemented with LPS (2 ngml) were added to each well in
a final volume of 0.2 ml. After incubating for 48 hr at 37
o
C in a humidified atmosphere containing 10% C02 in air,
3
the cells in each well were pulsed with 0.5 jiCi H-TdR and
then harvested 5 hr later using a Titertek multiharvester.
Results were expressed as percentage growth inhibition of
MBL-2 cells induced by the activated macrophages.
% Cytostasis= 1-
3
H-TdR incorporation of MBL-2
cells in the presence of
macrophages
3
H-TdR incorporation of MBL-2
cells in the absence of
macrophages
x100
Natural Killer Cell Assay
BALBc mice in groups of four were injected i.v. with 350
jig formalin-killed C. parvum (Wellcome Research Lab.,
U.K.). Mice were sacrified by cervical dislocation 4 days
later. Effector spleen cells (0.1 ml) at different
concentrations were added to a flat-bottomed 96-well
4 51
microtitre plate containing 2 x 10 Cr-labelled YAC-1
target cell (0.1 ml) So that the effectortarget
ratio was 100:1, 50:1, or 25:1. The culture was incubated
o
at 37 C for 4 hr and 100 nl of supernatant was sucked up
and counted for radioactivity in a qamma counter.
Production of and Assay for Interleukin-2 (IL-2)
For the production of interleukin-2 (IL-2), the principle
described by Leung et al. (1984) was followed with slight
7
modification. Briefly, 1x10 mouse splenocytes in 1 ml
complete RPMI medium without Hepes were added into the
wells of the flat-bottomed 24-well microtiter plate in the
presence of 5 ngml of Con A. The culture was incubated for
24 hr in a humidified atmosphere containing 10% C02 in air
o
at 37 C. Supernatant was carefully collected without
disturbing the cell layer at the bottom. The supernatant
was then cleared by centrifuging at 300 xg for 5 min and
any remaining Con A was removed by the addition of swelled
Sephadex G-100 (Pharmacia). After shaking for 3 hr in a
shaker at room temperature, Sephadex was removed by
centrifugation and the clear supernatant was sterilized by
membrane filtration. The supernatant thus prepared
contained a mixture of lymphokines including high
concentration of interleukin-2, and was called conditioned
supernatant (CS) throughout this thesis. Interleukin-2
activity was assayed by the ability of the CS to maintain
the lymphoproliteration of Con A blast (Lafferty et ad.,
1980). Con A blast was prepared from a 3 day culture of
7
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Monocyte Paralysis
Monocyte paralysis (Keown and Descampus-Latscha, 1983) was
carried out as follows. Briefly, 1x10 splenocytes from
BALBc mice were added to each well of a flat-bottomed 96-
wpII mirrotiter olate in comDlete RPMI medium supplemented
wi 0% Fi
0
ml Pnn A mitnnon And Ry1H M 9_MP in
2
25 cm culture flask. Con A blast thus obtained was free
from residual Con A by washing it thrice with medium.
5
Viable cells were suspended at 4x10 ml. Meanwhile, serial
2-fold dilutions of the CS were made with complete RPMI
medium in 96-well flat-bottomed microtiter plates in 6
final volume o ! n-f tho hi Act roll
ml) was then added to each well and the plate wa
o
incubated for 16-24 hr at 37 C in a humidified atmosphere
containing 10% C02 in air. The cells in each well were
pulsed wit H-TdR And thon harvpcj+pd h hr 1 at.Pi
using a Titertek multiharvester. The radioactivit
incorporated was determined by counting in a liqui
scintillation counter.
with of Con A in the presence or absence (control
of j of abortifacient proteins in a final volume of
00.2 ml. The culture was incubated at 37 C for 3 hr.
6
Meanwhile, 10 ml BALBc splenocytes (2 x 10 ml) were added
2
into a plastic 25 cm culture flask. The flask was also
o
incubated for 3 hr at 37 C. After 3 hr of incubation,
non-adherent cells together with Con A and abortifacient
protein were washed away from the wells of the microtiter
plate by warm complete RPMI medium as described previously.
Non-adherent cells recovered from the culture flask were
6
then adjusted to 2.5x10 ml in complete RPMI medium and
0.2 ml of which were added into each well containinig Con A
o
pulsed macrophages. The plate was then incubated at 37 C
in a humidified gas phase of 10% C02 in air for 48 hr
3
after which each well was pulsed with 0.5 nCi H-TdR and
the culture was harvested 6 hr later with a multiharvester.
Radioactivity incorporated was then determined by
scintillation counting in a Beckman liquid scintillation
counter.
Test For Cytotoxicity of Abortifacient Proteins on Various
Cell Lines
Trypan Blue Dye Exclusion Method
4
5-10x10 cells from different cell lines in logarithmic
growth condition were seeded to each well of a flat-
bottomed 96-well microtiter plate in 0.2 ml complete RPMI
medium supplemented with or without (control) 100 i-igml of
o
abortifacient proteins. After incubation at 37 C for 12,
24 and 48 hr, 150 il of the medium was carefully removed
without disturbing the cell layer in each well. 50 il of
1% trypan blue was directly added to the wells, well mixed
by pipetting and% viability was determined by cell
counting under a microscope using a haemacytometer. Cells
that were stained blue were regarded as dead cells.
Cytostatic Effect of Abortifacient Proteins on Various Cell
Lines
Different concentrations of abortifacient proteins (0.1-50
5
ngml) or control medium were co-cultured with 1-5x10 cells
at their logarithmic phase of growth in 0.2 ml complete
RPMI medium in the wells of a flat bottomed 96-well
microtiter plate. After 24 and 48 hr of incubation at 37
o 3
C, each well was pulsed with 0.5 pCi H-TdR. The cells
were harvested with a Titertek multiharvester after a
further incubation period of 5 hr and the radioactivity was
determined using a liquid scintillation counter. In case
of adherent cells, 50 jjlI of 0.1 M NaOH was added to each
well to detach the adherent cells from the plastic surface
before the normal procedure of harvesting was performed.
Results were usually expressed as% suppression with
reference to the control.








Inhibition of Tumour Cell Growth By Abortifacient
Proteins In Vivo
MBL-2 cells and EAT cells were collected from the
peritoneal cavity of C57BL6J mice 8-9 days after
5
inoculation with 5-10x10 tumour cells. Cells were washed
thrice with PBS and the% viability was usually greater
than 99%. Mice in groups of six were given an i.p.
5
injection of 1x10 tumour cells in 0.5 ml volume per mouse.
Two days after tumour cell implantation, 100 g of
abortifacient proteins or control PBS were injected i.p.
into each tumour-bearing mouse. Ten days post tumour
challenge, the total number of viable tumour cells
recoverable from the peritoneal cavity of each mouse was
counted and the mean of each group was calculated and
comDared with that of the control group.
Statistical Analysis
All results are expressed as the arithmetic mean+ standard
error. Student's t test was used to determine the
confidence limits in group comparison.
CHAPTER 3: THE IMMUNOMODULATORY ACTIVITIES OF ABORTIFACIENT
PROTEINS
INTRODUCTION
Current work in this laboratory have shown that a number of
bioactive proteins can be isolated from the plants of the
Cucurbitaceace family. Trichosanthin, a basic, single chain
protein isolated from the root tuber of Trichosanthes
kirilowii (Wang, Lin and Zhu, 1976), is an effective agent
for terminating early pregnancy and in inducing mid-term
(post-implantation) abortion in laboratory animals (Chang et
al., 1979; Liu et ah, 1981; Law, Tarn and Yeung, 1983) and
humans (Liu et ah, 1985; Jin, 1985). a- and p-momorcharin,
on the other hand, are two glycoproteins isolated from the
seeds of the bitter melon (Momordica charantia) (Yeung et
a_l., 1985). They were found to be effective in inducing
early and mid-term abortion in the mouse (Law, Tarn and
Yeung, 1983; Chan, Tarn and Yeung, 1984). In vitro studies
have demonstrated that these three abortifacient proteins
adversely affected the compaction of blastomeres and
disrupted the formation of blastocyst (Tarn, Chan and Yeung,
1985). In view of the potential usefulness of these
abortifacient proteins for clinical applications and with
the realization that many plant proteins can often affect
immune reactivity (Edwards et al., 1981; Spreafico et a_l.,
1983; Descotes et ah, 1985), it is of interest and
importance to study the immunomodulatory activities of these
three abortifacient proteins in their own rights. In this
chapter, the effects of the abortifacient proteins on both
the non-specific and specific immunity in the mouse model
will be examined. The results clearly show that the
proteins can display potent immunosuppressive effect for a
variety of cell-mediated and humoral immune responses,
both _in vitro and _i_n vivo.
RESULTS
3.1. Haemagglutinating Properties of Momorcharin and
Trichosanthin
Momorcharin and trichosanthin at concentrations of 10,
50 and 100 Mgml did not appear to have
haemagglutinating activity on SRBC and mouse RBC,
indicating that the proteins do not have lectin-like
activity.
3.2. Mitogenic Effect of Momorcharin and Trichosanthin on
Mouse Splenocytes
As a control experiment, the possible mitogenic activity
of MMC and TCS was tested by simply incubating the mouse
splenocytes with different concentrations of the
respective proteins (0.1- 50 Mgml) or control medium
for 48 hr after which the DNA synthesis by the
lymphocytes was measured. The synthesis of DNA
decreased as the concentration of the respective
proteins increased when compared with that of the
control (Fig. 3.1.). The patterns of suppression of DNA
synthesis of the lymphocytes by the three proteins were
similar, indicating that none of the proteins was
mitogenic for mouse lymphocytes.

























Fig. 3.1. The mitogenic effect of MMC and TCS on mouse
splenocytes
TCS( A), a-MMC(•) and p-MMC() in different
concentrations were co-cultured with 5 x 105 mouse
splenocytes. After an incubation period of 48 hr,
cultured cells were given a 6 hr pulse with 0.5 MCiwell
3H-TdR and radioactivity incorporated was determined.
Vertical bars represent one standard error.
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Transformation by Abortifacient Proteins
Preliminary dose response studies have shown that the T
cell -mitogens Con A. PHA and B cell mitogens LPS. DS
induced maximum DNA synthesis in BALB/c mouse
splenocytes at concentrations of 3 µg/ml, 10 µg/ml, 30
jtg/ml and 40 µg/ml respectively (Fig. 3.2.- 3.5.). BALB/c
mouse spleen cells stimulated with these predetermined
optimum concentrations of mitogens were incubated with
different concentrations (0.1- 100 µg/ml) of
abortifacient proteins at the beginning of the culture
period. As shown in Fig. 3.6.- 3.9.,the mitogen-induced
lymphoproliferative response was greatly suppressed
%%90% suppression) at protein concentration of 50- 100
µg/ml. The magnitude of suppression was clearly dose-
dependent and it was found that all three abortifacient
proteins appeared to be more inhibitory to the PHA
response (significant suppression was seen at a protein
concentration as low as 0.1 pg/mi) than that of the Con
A. LPS and DS responses (Fig. 3.7.-3.9.).
3.4. Effect of Abortifacient Proteins on Mixed Lymphocyte
Reaction (MLR)
The allogeneic stimulation in the one-way mixed
lymphocyte reaction using splenocytes from C57BL/6J mice
as responder and mitomycin C treated BALB/c splenocytes
as stimulator would result in lymphoproliferation. As























Fig.3.2. Dose response curve of Con A-induced lymphocyte
transformation
BALBc splenocytes were co-cultured with
different concentrations of Con A in the wells of a flat-
bottomed 96 well microtiter plate. After 48 hr of
incubaton, each well was pulsed with 0.5 jiCi-TdR and
the radioactivity incorporated was determined by
liquid scintillation counting. Vertical bars represent
one standard error.
Fig.3.3. A dose response curve of PHA-induced lymphocyte
transformation
BALBc splenocytes
uflrD rn_n 11+ nirorl with
different concentrations of PHA. Cells cultured for 72
hr were given a 6 hr pulse with 3H-TdR (0.5 pCiwell)
and radioactivity incorporated was measured. Vertical
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Fig, 3.4. A dose response curve of LPS-induced lymphocyte
transformation
BALBc splenocytes (5 x 105 well) were co-cultured with
different concentrations of LPS. Cells cultured for 48
hr were given a 6 hr pulse with 3H-TdR (0.5 nCiwell)
and radioactivity incorporated, was measured. Vertical
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Fig.3.5. A dose response curve of DS-induced lymphocyte
transformation
BALBc splenocytes (5 x 105weII) were co-cultured with
different concentrations of DS. Cells cultured for 72 hr
were given a 12 hr pulse with 3H-TdR (0.5 jiCiwell) and
radioactivity incorporated was measured. Vertical bars
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Fig. 3.6. In vitro effect of abortifacient proteins on
Con A-induced lvmnhocyte transformation
Mouse spleen cells (5x10swell) were stimulated with 3
Mgml of Con A in the presence of different
concentrations of TC5
control medium respectively. Cells cultured for 48 hr
were given a 6 hr pulse with 3H-TdR (0.5 piCiwell) and
radioactivity incorporated was measured. Vertical bars


















Fig.3.7. In vitro effect of abortifacient proteins on
PHA-induced lymphocyte transformation
Mouse spleen cells (5 x 105wel1) were stimulated with 10
ugml of PHA in the presence of different concentrations
of TCS a-MMC p-MMC or control medium
respectively. Cells cultured for 72 hr were given a 6 hr
pulse with uCiwell) and radioactivity



















Fig. 3.8. In_ vitro effect of abortifacient proteins on
LPS-induced lymphocyte transformation
Mouse spleen cells were stimulated with 3C
iiqml of LPS in the presence of different concentrations
of TCS a-MMC B-MMC or control medium
Cells cultured for 48 hr were given a 6 hr pulse with
TdR (0.5 MCiwell) and radioactivity incorporated was


















Fig. 3.9. In vitro effect of abortifacient proteins on
DS-induced lymphocyte transformation
Mouse spleen cells (5 x 105well) were stimulated with 40
pgml of DS in the presence of different concentrations
of TCS a-MMC p-MMC or control medium.
Cells cultured for 72 hr were given a 12 hr pulse with
and radioactivity incorporated wa5






















at 1 5 10 so
Protein Conc. (ugml)
Fig. 3.10. Effect of in vitro exposure to abortifacient
proteins on mixed lymphocyte reaction
BALBc splenocytes were mitomycin C treated (50
pgml for 30 min at 37°C) and co-cultured with an equal
number of C57BL6J splenocytes in the presence of
different concentrations of TCS
or control medium. After incubation for 72 hr at 37
°C, the cells were pulsed with 0.5 pCi 3H-TdR for 20 hr
and radioactivity incorporated was measured. Vertical
bars represent one standard error.
range from 0.1-50 gml were found to be suppressive
on the MLR in a similar dose-dependent manner. Since at
relatively low concentration of the proteins (1 gml),
a nearly 50% suppression of MLR by the proteins was
observed, therefore the proteins were quite potent in the
suppression of MLR. At concentrations above 5 jgml of
the proteins, the suppressive effect reached a maximum
and leveled off.
3.5. Effect of Abortifacient Proteins on the Primary
Alloreactive Cytotoxic T Lymphocyte Response in Vitro
Primary alloreactive cytotoxic T cell were generated in
vitro by incubating C57BL6J mouse splenocytes with that
of mitomycin C treated BALBc splenocytes for 6 days and
the effector function was assayed by a standard 8 hr 51-
d
chromium release assay using H-2 compatible P815 (H-2)
tumour cells as target. Table 3.1 shows the effect of a-
p-MMC and TCS on the generation of cytotoxic T cells.
By incubating control medium or different doses of the
proteins at concentrations ranging from o.1- 50 gml
with the mixture of splenocytes from C57BL6J and BALBc
mouse at the beginning of the culture period, the
cytolytic activity thus generated 6 days later were
found to be reduced by the proteins in a dose dependent
manner. The suppression on cytotoxic T cell generation
was prominant at a protein concentration as low as 0.1
itxgml (Table 3.1). At concentrations of more than 5
Table 3.1 Effect of MMC and TCS on generation of the prima
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3 Primary alloreactive CTL were generated by co-culturing 1(?
C57BL6J (H-2b) splenocytes with 2 x 105 BALBc (H-2)
splenocytes for 6 days at 37° C. Cytotoxicity was measured on
P815 (H-2d) targets using a 8 hr5Cr release assay. Various
concentrations of MMC and TCS were added at the beginning of the
mixed lymphocyte culture.
bSignificantly different from control (no protein was added),
d0.05
M-gml of the proteins, the cytotoxic T cell activity was
very low (with% specific lysis less than 5%).
In the next set of experiments, the effect of
abortifacient proteins on the effector functions of the
CTL was examined. Primary alloreactive CTL were
generated in a 6 day mixed lymphocyte culture in the
absence of the proteins, and the resultant cytolytic
activity was measured in the presence of the proteins
51
during the standard 8 hr chromium release assay.
Results in Table 3.2 showed that the lytic activity of
the alloreactive CTL was not appreciably affected in the
presence of abortifacient proteins over a wide range of
concentrations (0.1- 50 xgml). In addition, the
cytolytic activity of the CTL was not significantly
diminished by preincubation of the effector cells with
the proteins (50 gml) for 6 hr before addition of the
labelled target cells (Table 3.3).
3.6. Suppression of a DTH Response by a- p- MMC and TCS
Mice were known to develop a DTH response following
intravenous injection of SRBC and maximum response was
detected 4 days after antigen sensitization (Mitosuoka
et al., 1979). Experiments were done to examine whether
administration of a- p-MMC and TCS into mice can
affect their ability to develop a DTH response in vivo.
Table 3.2 Effect of abortifacient proteins on the in vitro











































aPrimary alloreactive CTL were generated by co-culturing 10
C57BL6J (H-2b) splenocyteg with 2 x 10® BALBc (H-2)
splenocytes for 6 days at 37 C. Cytotoxicity was measured on
P815 (H-2 d) targets using a 8 hr51Cr release assay. Various
concentrations of MMC and TCS were added together with 104 Cr-
labelled P815 target cells to each well containing the 6 day
primary effector cells MMC and TCS alone were found to have no
effect on the spontaneous release of the target cells over the 8
hr assay period.
Table 3.3 Preincubation effect of MMC and TCS on the effector
function of CTL in vitro8
Protein added to culture
(50 jigml)
% specific Cr release (mean+ S.E.)














aPrimary alloreactive CTL were generated by co-culturing 10
C57BL6J (H-2b) splenocytes with 2x10 BALBc (H-2d)
splenocytes for 6 days at 37°C in a 25 cm2 culture flask.
Viable cells were adjusted to concentration that would maintain
an effectortarget ratio of 5: 1 and 1: 1 respectively. The
viable effector cells were preincubated with MMC and TCS at a
concentration of 50 ngml before the addition of s1Cr-labelled
P815 (H-2d) target cells. Cytotoxicity was measured using a





















Time After Footpad Challenge
Fig. 3.11. Suppression of a DTH response by MMC and TCS. Mice in groups of four were
injected with a-MMC (designated as a), p-MMC (designated as P), or TCS (designated
as T) (4 mgkg given i.p.) either two days before (Groups Ql, pi Tl), on the same
day of (Groups a2, 62 T2), or two days after (Groups CL3, P3 T3) intravenous
sensitization with 10 SRBC. Control mice (Group C) were injected with an equal volume
PBS at the same day of SRBC sensitization. Four days after antigen sensitization, each
mouse was challenged with 10® SRBC into the right hind footpad. The DTH response, as
determined by the% specific increase in footpad thickness, was measured 24- 72 hr aftei
antigen challenge. Vertical bars represent one standard error.
Mice in groups of four were injected with abortifacient
proteins (4 imgkg body weight given i.p.) either 2 days
before, on the same day of, or 2 days after i.v.
6
sensitization with 10 SRBC. Control mice were injected
with an equal volume of PBS at the same day of SRBC
sensitization. Four days after antigen injection, each
8
mouse was challenged with 10 SRBC into the right hind
footpad. The DTH response, as determined by the
percentage specific increase in footpad thickness, was
measured at 24, 48 and 72 hr after antigen challenge.
Gross observations have shown that pretreatment of
BALBc mice with protein alone (4 mgkg body weight) had
induced no general toxicity and no significant cellular
depletion in the lymphoid organs was detected. Results
in Fig.' 3.11. showed that the proteins all
significantly inhibited the i_n vivo induction of a DTH
response, regardless of the timing of protein
administration. Obviously, the observed suppression is
apparently not due to a shift in the kinetic parameter
of the immune response, as the kinetics of the DTH
response in the control mice and protein-treated mice
were similar and marked suppression of the DTH response
was seen at both 24 and 48 hr after challenge.
3.7. Primary Humoral Immune Response to SRBC in Abortifacient
Protein-treated Mice
C57BL6J mice in groups of four were either treated with
the abortifacient proteins (4 mgkg body weight injected
79
i.p.) or with the same volume of PBS 2 days before
8
immunization with SRBC (4x10 given i.p.). The splenic
plaque-forming cell count was enumerated 4 days after
antigen sensitization whereas the circulating
haemagglutinating antibody titre was determined at day
7, 14 and 21 post-immunization. As shown in Table 3.4,
the number of splenic plaque-forming cells was found to
be drastically reduced in mice treated with the three
6
proteins (6- 9 PFC/10 splenocytes) when compared to
6
that of the control mice group( 644 PFC/10
splenocytes). The levels of circulating antibody to
SRBC, measured up to 3 weeks after antigen injection,
were significantly depressed at all times as compared to
that of the control mice (Table 3.4). This parallels
with the result of PFC indicating a marked suppressive
effect of the proteins, namely a- p-MMC and TCS, on
the ability of mice to produce antibodies against a T-
dependent antigen in vivo.
3.8. Effect of Abortifacient Proteins on the In Vivo
Generation and the In Vitro Activity of Natural Killer
Cells
In general, the endogenous splenic natural killer (NK)
cell activity of the mouse is low and can be induced to
a higher level by i.v. injection of C. aarvum (350 µg/25
gm body weight) into mice whose spleens were harvested 4
days later to test for NK activity. The in vivo effect
of MMC and TCS on the induction of NK activity by C.
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aC57BL6J mice in groups of four were pretreated with PBS or MMC
and TCS( 4 mgkg given i.p.) 2 days before i.p. injection with
8 x 10s SRBC.
bThe number of plaque-forming cells in spleens of mice were
enumerated on the 4th day post SRBC administration using the
modified hemolytic plaque assay (Cunningham and Szenberg, 1968).
The haemagglutinating antibody titer was expressed as the
reciprocal of the highest dilution of the serum which gave a
positive result of haemagglutination.
Significantly different from control untreated mice, p0.05.
parvum was examined by pretreatment of mice with the
respective proteins (4 mgkg given i.p.) 2 days before
i.v. injection of C.. Darvum and the generation of
splenic NK activity was compared to control mice
51
receiving C. parvum only. Using a 4 hr chromium release
assay, it was found that the cytolytic activity of
splenocytes from protein-treated mice towards NK-
sensitive YAC-1 target cells did not differ
significantly from that of the control mice at 3
different effectortarget ratios of 100:1, 50:1, and 25
:1 (Table 3.5), indicating that the proteins did not
affect the in vivo induction of NK cells by£. parvum.
In a second set of experiments, splenocytes obtained
from C. parvum activated mice were tested for NK
activity in the presence of high concentration (100
51
xgml) of abortifacient proteins using a 4 hr chromium
release assay. Data in Table 3.6 showed that the
proteins did not exert any significant effect on the
cytolytic activity of the activated NK cells.
Since the NK activity in mice usually drops by
o
incubation of the effector cells at 37 C, preincubation
of MMC and TCS with the effector mouse NK cells was not
carried out. On the other hand, it was found that the
endogenous splenic NK activity of rats is relatively
high (about 50% specific lysis at an effectortarget
o
ratio of 100:1) and that incubation at 37 C does not
Table 3.5 Effect of MMC and TCS on the induction of mouse
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lMice in groups of four were pretreated with PBS or MMC and TCS
(4 mgkg given i.p.) 2 days before intravenous injection of C.
parvum (350 gmouse). Splenocytes were assayed for NK activity
4 days later, using YAC-1 cells as the target.
Table 3.6 Momorcharin and Tricosanthin have no effect on the
effector function of mouse natural killer activity




% specific Cr release at ET of

















3Day 4 splenocytes from C. parvum injected mice were co-cultured
with MMC and TCS( 10TF pigml) and assayed for NK activity on
YAC-1 target cells. MMC or TCS alone was found to have no
effect on the spontaneous release of the target cells over the
4 hr assay period.
lead to any reduction of the NK activity. So, the
preincubation effect of MMC and TCS on the, effector NK
cell function was studied using the rat splenic NK
cells. It can be seen-that rat splenocytes preincubated
with MMC or TCS for up to 6 hr before addition of YAC-1
4
target did not exhibit any difference in the NK
activity when compared to that of the control (Table
3.7), thus suggesting that the abortifacient proteins
have no effect on the lytic function of the NK cells,
even if the cells were preincubated with a high
concentration of the protein.
3.9. Effect of Momorcharin and Tricosanthin on Macrophage
Migration in Vivo
It has been known that i.p. injection of irritant
substances such as thioglycollate and proteose peptone
can increase the yield of macrophages in the peritoneal
cavity of mice (Ogmundsdottir and Weir, 1980). Initial
experiments were performed to determine whether
injection of abortifacient protein per se can induce the
accumulation of peritoneal exudate cells in vivo. It
was found that i_n vivo administration of the proteins
per se (4 mgkg body weight given i.p.) into C57BL6J
mice did not increase the number of peritoneal exudate
t
cells recovered on day 2 and day 5 after protein
treatment as compared to that of the control mice which
were injected i.p. with PBS only (Table 3.8). The
effect of abortifacient proteins on the influx of
Table 3.7 The preincubation effect of MMC and TGS on the effector
NK cell function
Coculture of rat Preincubation
splenocytes with3 period (hr)
°L cnprifii - rplpaep At
Control medium




































































aSplenocytes from inbred Lewis rat were cocultured with the
proteins at a concentration of 50 gml for 6, 3, 1 and 0 hr
before the addition of the51Cr-labelled YAC-1 target cells. NK
activity was assayed by the standard 4 hr chromium release
assay.
Table 3.8 Effect of MMC and TCS on the elicitation of the
migration of mouse peritoneal exudate cells
Mice treated wit Total PEC recovered per mouse after















aC57BL6J mice in groups of four were pretreated with PBS or MMC
or TCS (4 mgkg given i.p.) either two days or five days before
the mouse PEC were harvested and counted.
macrophages in response to locally administered sterile
thioglycollate in vivo was then examined. Mice were
treated with MMC or TCS respectively (4 mgkg body
weight given i.p.) on day 0 and day 2. Mice in the
control group were injected i.p. with PBS. Two days
later, all mice were given an i.p. injection of 1 ml
10% thioglycollate. Mice were killed by excessive
exposure to ether and the peritoneal exudate cells of
each mouse were harvested using 10 ml of ice cold PBS.
Peritoneal exudate cells recovered from individual mouse
were counted and the percentage of adherent cells
determined. As shown in Table 3.9, the influx of
peritoneal exudate cells as well as the accumulation of
macrophages into the peritoneal cavity as elicited by
sterile thioglycollate were found to be suppressed (4 -5
fold) by the treatment of mice with the abortifacient
proteins i_n vivo.
3.10. Inhibitory Effect of Abortifacient Proteins on
Macrophage Functions in Vitro
3.10.1.Phagocytosis
Mice were injected i.p. with 1 ml of 10% proteose
peptone in order to increase the level of phagocytic
cell number. Three days after proteose peptone
treatment, mice were killed with ether and the
peritoneal exudate cells (PEC) harvested. The cells
o
were incubated at 37 C with MMC and TCS at a
Table 3.9 Effect of MMC and TCS on the j_n vivo migration of





















aC57BL6J mice in groups of four were pretreated with PBS or MMC
or TCS (4 mgkg given i.p. on day -2 and day 0) and then
injected with 1 ml 10% Brewer's thioglycollate medium
intraperitoneally. Three days later, the elicited PEC were
harvested and counted.
bPEC that remained attached to the plastic surface after
incubation at 37° C for 3 hr and were not removed by several
washing with warm medium. The adherent PEC were consisted of
mainly macrophages as judged by the non-specific esterase
staining method.
Significantly different from control untreated mice, p0.05
concentration of 100 xgml or PBS for 6, 3, and 1 hr
before the addition of latex particles. It was found
that PEC that were treated with the proteins showed a
decrease in their phagocytic activity as the time
of preincubation with the proteins increased (Fig.
3.12.). Moreover, the% phagocytosis of the protein-
treated PEC were significantly less than that of the
control PEC at 6 and 3 hr of preincubation, the longer
the time of preincubation, the greater was the
difference. However, there appeared to be no difference
in the% phagocytosis for all groups at a preincubation
period of 1 hr. So, the proteins, i.e. a- p-MMC and
TCS, would only exert their suppressive effects on the
phagocytic cell activity of the proteose peptone
elicited PEC only if the cells were preincubated with
the proteins for 3 hr or more.
3.10.2.Macrophage Cytostasis
In general, normal peritoneal macrophages exhibit
little cytostatic activity against tumour cells unless
they were activated by macrophage activation factor and
endotoxin i_n vitro. Ruffmann et al. (1984) had shown
that i.p. injection of picolinic acid into the
peritoneal cavity of C57BL6J mice would activate the
peritoneal macrophages to become cytostatic against MBL-
2 lymphoma cells in the presence of nanograms of LPS.
C57BL6J mice were injected with picolinic acid in PBS
(100 mgkg body weight). Their PEC were harvested 3









Time of Incubation (hr)
Fig. 3.12. In vitro effect of abortifacient proteins on
the phagocytic activity of proteose peptone-elicited
macrophages
Proteose peptone-elicited peritoneal cells were incubated
of TCS CL-MMC and p-MMC
or control medium respectively for 1, 3 and 6
hr after which latex particles were added and incubated
for one more hour at 37°C. Cells ingested with at least 3
latex particles. were considered as phagocytic and were
counted under an inverted microscope. Vertical bars
represent one standard error.
xgml of the respective proteins or control medium in
each well of a microtitre plate for 6 hr after which
non-adherent cells and proteins were washed away,
followed by the addition of MBL-2 cells in the presence
of LPS. The proliferation of MBL-2 cells was tested by
their uptake of tritiated thymidine 2 days after their
addition. From Table 3.10, it could be seen clearly
that in the presence of cytostatic macrophages, the
growth of MBL-2 cells alone was greatly inhibited (65%
suppression). However, macrophages that were pretreated
with the proteins lost their ability to induce
cytostatic activity against MBL-2 cells in a dose
dependent manner. These results suggest that both a-
(3-MMC and TCS can suppress macrophage function in vitro.
Table 3.10 The preincubation effect of MMC and TCS on the
picolinic acid activated murine macrophage mediated
cytostatic activity against MBL-2 tumour cell growth.
Coculture of picolinic






















aPEC were preincubated with control medium (RPMI) or MMC or TCS
(100 jigml) for 6 hr before assay for the macrophage cytostatic
function.
bCytostatic activity of picolinic acid-activated PEC was measured
by their ability to inhibit the growth of MBL-2 cells, as
determined from the 3H-TdR incorporation of the MBL-2 cells
grown in the presence or absence of the peritoneal macrophages.
cSignificantly different from the untreated PEC, p0.05.
DISCUSSION
It is known that a- and p-momorcharin were glycoproteins
isolated from the same source, the seeds of bitter melon
(Momordica charantia), yet they are different molecules in
terms of their molecular weights( a-form: 31,000
4
p-form: 29,000) and immunological properties (Yeung
et a_l., 1985). Tricosanthin is another protein isolated from
the root tuber of Tricosanthes kirilowii with a molecular
weight of 24,000. Although these proteins are
different compounds, they have been shown to be effective in
inducing mid-term abortion in mouse (Law, Tarn and Yeung,
1983; Chan, Tarn and Yeung, 1984). Interestingly enough, they
appeared to affect the murine immune system with the same
degree of potency and activity. In vitro studies have shown
that momorcharin and tricosanthin present at non-cytotoxic
concentrations (50-100 jugml) (see chapter4) can give rise
to maximum suppression of mitogen-induced and alloantigen-
induced lymphoproliferation but did not affect the cytolytic
activity of NK cells and the CTL activity. On the other
hand, a clear decrease in the functional capacity of
macrophages such as the cytostatic and phagocytic activities
was observed under similar conditions. Moreover, the in vivo
activation of NK cells was not significantly affected by
treatment of mice with momorcharin and tricosanthin whereas
. similar treatment of mice resulted in a significant
depression of the DTH response as well as the humoral
antibody formation to SRBC. The proteins by themselves did
not induce lymphoproliferation of the murine spleen cells.
Moreover, they exhibited no lectin-like activity since the
three proteins at various concentrations did not agglutinate
red blood cells from sheep and mouse.
As the mitogen Con A and PHA are well-known for their
selectivity in stimulating mainly the T cell population,
suppression of which implied momorcharin and tricosanthin
showed a suppressive effect on the T cell population. It has
been known that T cell subpopulations with distinct
reactivity to Con A and PHA were present in the spleen of the
mouse (Stobo, Rosenthal and Paul, 1972). The fact that the
momorcharin and tricosanthin suppressed the PHA-induced
lymphocyte transformation more than that induced by Con A
raised the possibility that the proteins might exert a
primary effect on certain subpopulations of T cells. Whether
this is true and which subpopulation was preferably inhibited
remains to be determined. The proteins also suppressed the
one way-mixed lymphocyte reaction which was also a well known
T cell response against alloantigens. Moreover, in_ vivo
treatment of the proteins on different days before challenge
invariably suppressed the delayed type hypersensitivity
elicited by SRBC. The point of action of the protein might be
on either the induction phase or effector phase or both, yet
more should be done to elucidate this. These in vivo and in
vitro experiments further substantiated the conclusion that
momorcharin and tricosanthin are inhibitory for the T cell
responses.
It has been known that the generation of cytotoxic T cell
required the first proliferation of T helper cell, known as
the mixed lymphocyte transformation, which would then assist
the maturation of the cytotoxic T cell precursor. Since the
MLR was suppressed by the proteins, it could be expected that
the in_ vitro generation of cytotoxic T cell would be
inhibited in the presence of the three proteins, as it was
the case. In contrast, the effector function of the matured
cytotoxic T cells appeared to be unaffected by the
momorcharin and trichosanthin. NK cells have been regarded
as a subpopulation of T cell, surprisingly, the j_n vivo
generation of the NK cells in mouse was not affected by the
proteins. Similarly, in vitro incubation of the effector NK
cells from mouse and rat with the proteins did not exhibit
any suppression in the NK activity. So, the momorcharin and
trichosanthin, though suppressive on a number of T cell
functions, were not totally non-selective in their
activities.
LPS and DS are B cell mitogens, suppression of which by the
proteins indicated that B cell might be one of the cellular
targets for the immunosuppressive effect of the momorcharin
and tricosanthin. Since B cells are known to be responsible
for the humoral response, i_n vivo suppression of the number
of IgM producing plaque—forming cells and the level of
circulating antibodies (mainly IgG) against SRBC are
suggestive that the proteins modulate not only the T cell but
also the B cell response of the murine immune system.
However, since SRBC is a T dependent antigen, the suppression
of antibody formation against SRBC might be due to a
depletion of T cell help by the proteins. So, in order to
make a more definite conclusion, a T independent antigen
such as the S III antigen should be tested.
Momorcharin and trichosanthin were also found to inhibit
macrophage functions both in vitro and in vivo. In vitro
exposure of proteose-peptone activated peritoneal cells with
enhanced phagocytic activity to momorcharin or trichosanthin
would reduce the number of phagocytic cells in a time-
dependent manner. The magnitude of suppression was found to
be greater when the PEC were exposed to the abortifacient
proteins for a longer period of time. Similarly, the
cytostatic activity of picolinic acid activated macrophages
would be reduced by prior exposure to the proteins in vitro.
Although single injection of the proteins per se did not
appear to affect the number of resident peritoneal cells.
Nevertheless, migration of monocytes into the peritoneal
cavity as a result of thioglycollate-elicited acute
inflammation was markedly suppressed by in vivo treatment of
mice with the proteins. The mechanism(s) by which the
proteins might exert a suppressive effect on macrophage
migration in vivo has not yet been resolved, perhaps this
might be a result of reduced secretion of soluble mediators
or due to the reduced chemotactic response of macrophages.
In conclusion, it appears that the three abortifacient
proteins are all suppressive on both the cellular and
humoral arms of the murine immune system. The possible
cellular targets tested so far to be affected by the
proteins include T cells. B cells, and macrophages which are
the major cell types responsible for most of the immune
responses. As macrophages are important in mediating both
cellular and humoral responses, whether the primary target
is the macrophages or other subpopulation(s) of certain cell
type(s) is still obscure. Anyway, the proteins are
selective in their actions as NK cells and effector
cytotoxic T cells were found to be non-responsive to the
protein, showing that the suppression is not a general
phenomenon.
CHAPTER 4: MECHANISTIC STUDIES ON THE INHIBITION OF THE




Results in chapter 3 have shown that momorcharin and
trichosanthin can exhibit potent immunosuppressive activities
against a variety of immune parameters. In view of the
potential application of these abortifacient proteins for
therapeutic purposes, the elucidation of their underlying
mechanism(s) of action is of particular interest and
importance. By far, most chemical immunosuppressants mediate
their modulatory effects mostly by either acting as an
alkylating agent, of which cyclophosphamide is an example; or
by functioning as an antimetabolite, of which aminopterin and
methotrexate are typical representatives; with the ultimate
effect of inhibiting DNA synthesis selectively on cells
involved in the immune responses. However, immunomodulatorsO
from natural products may exert their effect through quite
different mechanisms (see Chapter 1), such as the induction of
other endogenous immune modulators like interferon and SIRS by
some proteins (Pierce and Kapp, 1981); the reduction of
lymphokine liberation like interleukin-1 and interleukin-2 by
the cyclic peptide cyclosporin A (Bunjes et al., 1981);
the inhibition of protein synthesis by the plant proteins MCI
and gelonin (Barbieri et aj_., 1980; Barbieri and Stripe, 1982).
Since the momorcharin and trichosanthin are natural products of
proteinaceous nature, they would be expected to act in a
similar way to that described above. Experiments in chapter 3
have shown that the three abortifacient proteins could block
3
the H-thymidine incorporation in mitogen-stimulated mouse
splenocytes in vitro. However, the mechanism(s) by which the
proteins might arrest mitogen-triggered lymphoblastogenesis has
not been investigated. In this chapter, experiments trying to
elucidate the possible mechanism(s) of action by which the
proteins might exert their suppressive effect on mitogen-
induced lymphocyte transformation will be discussed.
RESULTS
4.1, Lack of Direct Cytotoxic Effect of the Abortifacient
Proteins on Mouse Splenocytes In Vitro4
In order to demonstrate that the inhibition of the
mitogen-induced lymphocyte transformation is not due to
the direct cytotoxic effect of the abortifacient
proteins on mouse lymphocytes in vitro, normal mouse
splenocytes were incubated with a high concentration
o
(100 ngml) of the proteins at 37 C and cell viability
was assessed at different times (12, 24 and 48 hr)
after incubation using the trypan blue dye exclusion
method (Philip, 1973). It was found that all three
proteins exhibit no appreciable direct cellular
lymphotoxicity under the prescribed experimental
conditions in vitro (Table 4.1).
4.2 Time Course Studies on the Effect of Abortifacient
Proteins on Mitogen-induced Lymphocyte Transformation
In the first set of experiments, mouse splenocytes were
stimulated with mitogen (Con A: 3 ngml or LPS: 30
ligml) for various time intervals (0, 6, 12 and 24 hr)
before the addition of an inhibitory dose (50 jigml) of
the abortifacient proteins( a- and p-MMC and TCS).
Fig. 4.1. showed the effect of abortifacient
proteins added at different times on the Con A induced
lymphocyte transformation. It could be seen that a-
Table 4.1 The effect of momorcharin and trichosanthin on the
% viability of BALBc normal spleen cells (NSC)
NSC a
co-cultured with
% viabilitybof NSC after an incubation of
















aThe concentration of proteins co-cultured with NSC was 100
i gml
bThe% viability was determined by cell counting using the
trypan blue dye exclusion method, results were expressed as the











Time of Protein Addition (hr)
Fig. 4.1. The in vitro effect of abortifacient proteins
added at different times after the initiation of Con A-
induced lymphocyte transformation
Con A (3 pgml) and BALBc splenocytes
were co-cultured and incubated at 37°C for 6, 12 and 24
hr after which TCS a-MMC P-MMC (50
iigml) or control medium were added. Cells at a total
incubation period of 48 hr were given a 6 hr pulse with
3H-TdR and radioactivity incorporated was determined.
Result was expressed as% suppression.
%P-MMC and TCS all acted in a similar way. At 6 hr after
Con A stimulation, addition of the proteins would lead
to more than 90% suppression of the
lymphoproliterative response. It was found that the
earLier the time of addition of the proteins to the
culture, the more potent was the suppression. However,
the suppression was still significant when the proteins
were added 24 hr post-incubation (well over 50%
inhibition). The same experiment had been carried out
using LPS as the mitogen and similar results were
obtained (Fig. 4.2}
In a second set of experiments, splenocytes at a
5
concentration of 5 x 10 ml were pre-incubated with Con
A (3 jigml) in the absence or presence of abortifacient
proteins (50 jigml) for different time periods (0, 6,
12 and 24 hr). At each time interval, appropriate
volume of the respective cultures was taken and washed'
thoroughly for three times with plain medium to remove
the Con A and the proteins. Viable cells (2.5 x 10)
together with Con A at a final concentration of 3 jigml
were added to the wells of a 96-well microtitre plate.
3
The culture was pulsed with H-TdR after 48 hr of
incubation and the radioactivity incorporated was
«
determined. As shown in Fig. 4.3., no suppression could
be observed at time 0 at which the proteins were
removed by washing immediately after the addition of









Time of proteins addition (hr
Fig. 4.2. The in vitro effect of abortifacient protein
added at different times after the initiation of LPS'
induced lymphocyte transformation
LPS (3 gml) and BALBc splenocyte
m
'well) wen
co-cultured and incubated a : for i 12 and 24 h
after which TC
or control medium were added Cells at a tot;
incubation period of 48 hr were given a 6 hr pulse witl
and radioactivity incorDorated was determined













HOURS OF PREINCUBATION WITH DRUGS
Fig. 4.3. The preincubation effect of abortifacient
proteins on mouse splenocyte responsivness to mitogen
6
BALBc splenocytes at a concentration of 5 x 10ml in
the presence of Con A (3 gml) were incubated with TCS
or control
U
medium at 37 C. After incubation periods of 6, 12 and
5
24 hr, cells were washed thrice and 5 x 10 well of
viable cells and 3 xgml of Con A were co-cultured at
o 3
37 C for 48 hr and then given a 6 hr pulse with H-TdR.
Radioactivity incorporated was determined by
scintillation counting and the result was expressed as
the% suppression as compared to control (no
preincubation with abortifacient proteins).
preincubated with the proteins for 6 hr or more, the
observed suppression was profound and began to level
off with the time of preincubation. Suppression did
not increase much by prolonging the preincubation time
to more than 6 hr, although a slight increase in the
suppression was observed.
4.3 Effect of Abortifacient. Proteins on the Kinetics of Con
A-induced Lymphoproliterative Response
To prove that the suppression of Con A-induced
lymphocyte transformation was not due to a shift in the
peak response by the proteins, mouse splenocytes were
cultured with Con A (3 pgml) in the presence or
absence of proteins (50 gml) for different time
periods (24, 48, 72 and 96 hr) after which the culture
3
was pulsed with H-TdR and harvested. As shown in Fig.
4.4-, the mitogenic response of splenocytes in the
presence of proteins was much lower than that in their
absence and there was no shift in the kinetics of the
mitogenic response by the proteins.
4.4 Effect of MMC and TCS on the Processing and
Presentation of the Con A Mitogen by Splenic
Macrophages
7
1 x 10 mouse splenocytes were pulsed with Con A (3
ligml) in the absence or presence of the abortifacient




















Time of Incubation (hr
Fig. 4.4. The in vitro effect of abortifacient proteins
on the kinetics of Con A-induced lymphocyte
transformation
BALBc SDlenocvtes (5 x 105well) were co-cultured with
proteins TCS a-MMC B-MMC C 50 uaml) or
control medium in the nresence nf 3 uaml of Con A
at. 37°C fnr 24. 48. 72 and 96 hr after which the cultured
cells were aiven a 6 hr Dulse with 0.5 and
radioacitivity incorporated was determined. Vertical bars
represent one standard error.
0microtitre plate. After incubation for 3 hr at 37 C.
the unbound Con A and abortifacient proteins together
with the non-adherent cells were removed by repeated
washings with warm medium. Meanwhile, non-adherent
cells.prepared separately from Con A-pulsed splenocytes
were reconstituted into the wells of the 96-well
5
microtitre plate -(2.5 x 10 well). After a further
incubation period of 48 hr, the culture was pulsed with
3
H-TdR and harvested 6 hr later. No significant
difference in the proliferative response could be
detected between the wells containing the Con A-pulsed
and protein-treated macrophages and the control wells
containing the Con A-pulsed macrophages (Table 4.2).
4.5 Effect of Exogenous IL-2 on the Abortifacient Protein-
mediated Suppression of Lymphocyte Blastogenesis
Splenocytes were stimulated with Con A (3 ngml) in the
absence or presence of abortifacient proteins (50-'
ngml) in 96-well microtitre plates. Con A activated
rat spleen culture supernatant containing high activity
of IL-2 (final dilution was 10 fold) was added to the
wells containing MMC or TCS at different intervals
after the initiation of incubation. The exogenous IL-2
added had been tested for IL-2 activity using the
%
standard maintenance assay (Lafferty et al., 1980) and
was found to display high activity even at a dilution
of 10 fold. Results in Table 4.3 showed that
splenocytes co-cultured with Con A alone exhibited a
Table 4.2 Effect of MMC and TCS on the macrophage processing and
presentation of mitogen in the Con A-stimulated
lymphocyte transformation.










aSplenocytes were allowed to adhere onto plastic surface of a 96-
well tray in the presence of 3 ngml of Con A and 100 jigml of
the respective proteins for 3 hr at 37 C. Non-adherent cells,
unbound Con A and proteins were removed by repeated washing.
Another population of non-adherent cells untreated with proteins
were prepared separately and added into the wells prepared
above. The culture was then incubated for 48 hr at 3 C and H-
TdR incorporation was determined.
Table 4.3 The effect of IL-2 containing culture medium on the
reconstitution of the lymphoproliterative response










Con A+ a-MMC+ IL-i
Con A+ {3-MMC+ IL-2





























8The reconstitution test was carried out by first incubating
splenocytes together with Con A (3 pgml) and MMC or TCS (50
jigml) or control medium and the culture was incubated at 37 °C.
IL-2 containing medium was added at different times after the
beginning of incubation. 3H-TdR incorporated was determined 48 hr
later.
bIL-2 containing medium was obtained from culture supernatants of
of rat splenocytes stimulated with Con A( 5 ng ml) for 24 hr
and was tested for IL-2 activity using the maintenance assay of
Con A blast.
cSignificantly different from control, p0.05.
very high proliferative response whereas those
supplemented with MMC or TCS exhibited markedly
depressed proliferation. Addit on of exogenous IL-2 at
0, 8, 24, and 48 hr after the initiation of incubation
did not show any reconstitution of the Con A induced
lymphoproliterative response which was suppressed by
presence of the abortifacient proteins (Table 4.3).
4.6 Effect of the Abortifacient Proteins on the Activity of
IL-2- containing Medium to Maintain the Proliteration
of Con A-blast
IL-2 containing medium was prepared by stimulation of
rat splenocytes with Con A at a concentration of 5
ngml for 24 hr. Each preparation was tested for IL-2
activity by assessing its ability to maintain the
proliferation of Con A blast, IL-2 containing medium in
serial two-fold dilutions was added to the wells of a
4
96-well flat-bottomed microtitre plate containing 10
Con A blast. Abortifacient protein (final
concentration was 100 ngml) or an equal volume of
control medium was then added and the mixture was
o
incubated at 37 C for 24 hr, after which the culture
3
was pulsed with H-TdR (0.5 jiCiwe 11) for 5 hr and the
incorporated radioactivity was counted. It was clear
from Fig. 4.5. that the IL-2 containing medium
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Fig.4.5. Effect of KMC and TCS on the activity of IL-2
to maintain the proliferation of Con A-blast
Con A-blast cells were prepared by a 3 day incubation of
mouse splenocytes with 5 pgml of Con A. Viable cells (1
x 105 well) were co-cultured with IL-2 containing medium
and TCS
control medium
•£ rv OA hv -P-f- m uhi n h a£ hr Hill CO
with 3H-TdR was given and radioactivity incorporated
determined. Vertical bars represent one standard error.
of Con A blast proliferation. However, in the presence
of MMC or TCS, the IL-2 containing medium at all
dilutions was rendered ineffective in maintaining the
proliferation of Con A blast.
4.7 Production of Interleukin-2 from Splenocytes of
Protein-treated Mice
Interleukin-2 is a T cell growth factor which is
secreted by a subset of helper T cells and is an
important biological regulator of T cell proliferation
(Robb, J984). Therefore, the effect of abortifacient
proteins on the synthesis of this lymphokine was
examined. C57BL6J mice in groups of four were either
treated with a-MMC, p-MMC, TCS (4 mgkg body weight)
or PBS by i.p. injection.Two days later, 10 pooled
splenocytes from each group were added to the wells of
a 24-well microtitre plate containing 5 ngml of Con A.
o
After incubation at 37 C for 24 hr, culture supernatant
from each group was collected and excess ConA removed by
adsorption with Sephadex G-100. IL-2 activity in each
culture supernatant was measured by the maintenance
assay (Lafferty et aj., 1980). As shown in Fig. 4.6.,
the splenocytes obtained from MMC or TCS-treated mice
had a reduced capacity to produce IL-2 when stimulated
with Con A, as compared to control untreated mice.
4.8 The In Vitro Effect of MMC and TCS on the
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Fig. 4.6. Inhibition of IL-2 production by in vivo
administration of MMC and TCS
Spleen cells obtained from mice 2 days after i.p.
injection with a-MMC P-MMC TCS (4
mgkg) or PBS were stimulated with Con A (5 pgml)
for 24 hr. Each culture supernatnat (CS) was serially
diluted and assayed for IL-2 activity as described in
details elsewhere (Lafferty et aK, 1980). Vertical bars
represent one standard error.
Splenocvti
Rat splenocytes were stimulated with Con A (5 ngml) in
the absence or presence of the abortifacient proteins
o
(50 jigml). After incubation for 6 hr at 37 C,
the cells were then washed thrice with plain medium to
remo.ve any unbound Con A and abortifacient proteins.
7
10 viable cells from each group were then added to
the wells of a 24 well microtitre plate in a final
4
volume of 1 ml. After an incubation period of 24 hr at
o
37 C, the culture supernatants were removed and tested
for IL-2 activity using the Con A blast maintenance
assay (Lafferty et al., 1980). As clearly indicated
in Fig. 4.7., the IL-2 activity produced from rat
splenocytes was relatively higher than that from mouse
splenocytes. Moreover, the control rat splenocytes
produced a significantly higher level of IL-2 activity
as compared to that of the protein-treated splenocytes.
In addition, the suppression of IL-2 production wa?
found to be more profound for p-MMC or TCS-treated
splenocytes than that of a-MMC treated splenocytes.
Fig 4.7. Effect of MMC and TCS on the in vitrc
production of IL-2 by Con A activated mouse splenocytes
Normal rat spleen cells (107ml) were cultured with Con A
) in the presence of
or control medium Cul t.urp
supernatants (CS) were serially diluted and assayed for
IL-2 activity as described in details elsewhere( Lafferty
et a_l., 1980). Vertical bars represent one standard
error.
DISCUSSTO
Mitogen-induced lymphocyte transformation is a typical example
of-a non-specific immune reaction in which the mechanism of the
response has been well understood. In addition, lymphocyte
transformation by mitogens has frequently been used as an
immune parameter to investigate lymphocyte responsiveness in
various disease states since there is a remarkable
correlation between the loss or the decrease of in vitro
lymphocyte response to mitogens and a number of
immunodeficiency diseases (Stites, 1982). So, in the study
of the mechanism(s) of action of the abortifacient proteins
on the immune system, the mitogen-induced lymphocyte
s
transformation was chosen as a model for our studies.
Results in chapter 3 have shown that momorcharin and
trichosanthin can• suppress the mitogen-induced
lymphoproliteration in a dose-dependent manner, complete
suppression was often seen at a protein concentration of 50-
100 jigml. The mechanism(s) whereby a-and p-MMC and TCS
exert their immunosuppressive effect remains unclear. Data
in this chapter clearly demonstrated that immunosuppression
is not a direct result of lymphocytotoxicity as exposure of
mouse splenocytes to a high concentration (100 jigml) of the
proteins for up to 48 hr did not lead to any significant loss
of cell viability whereas such experimental condition would
lead to a complete abrogation of the mitogen-induceda
lymphoproliterative response. In addition, the observed
suppression is apparently not due to a time-shift in the
kinetic parameter of the lymphocyte transformation reaction
as significant suppression of lymphocyte proliteration wa
seen at all times after initiation of the culture.
Time course studies on the effect of the abortifacient
proteins on mitogen-induced lymphocyte transformation have
indicated that exposure of the splenocytes to the proteins
for a short period of time (e.g. 6 hr) was sufficient to
induce a profound suppression of the lymphocyte
transformation. Moreover, the suppression did not seem to
increase significantly by prolonging the preincubation time
to more than-6 hr. It is unclear why suppression can be
achieved by a brief exposure of the cells to the proteins.
It is possible that sufficient protein molecules may be
bound to the surface of lymphocytes by non-specific
interactions or specifically via cell surface receptors
during the preincubation period which can then lead to the
suppression of the subsequent cell proliteration triggered
by the mitogens. Moreover, the proteins were unlikely to
inhibit only the early events of transformation since
addition of proteins after the lymphocytes were committed to
transformation (i.e. 24 hr after Con A treatment) (Gunther,
Wang and Edelman, 1974) was still effective in suppressing
the proliferative response. This result is consistent with
that of Yeh et al. (1986) who have recently reported that
the suppression of lymphocyte proliteration by trichosanthin
was not limited to the triggering period of Con A response
as the protein also inhibited the initiated Con A response
of the mouse splenocytes. As a first step of mitogei
stimulation, the macrophages play an accessory role ii
accumulating the mitogens which are subsequently processes
and presented to the appropriate subsets of lymphocytes fo'
stimulation (Rosenstreich, Farrar and Dougherty, 1976)
However, the results in Table 4.2 have shown tha
momorcharin and tricosanthin did not interfere with th
macrophage antigen-processing and presenting functions ij
vitro, thus suggesting that immunosuppression is unlikel;
to result from the incapacity of the macrophages t
stimulate the lymphocytes in vitro.
After the presentation of mitogen to the responding T cell,
the production of the soluble growth factors like
interleukin-2 from the helper T cell (Wagner et al., 1980)
would provide a second signal to permit clonal expansion. In
the presence of the proteins irt vitro, the interleukin-2
containing medium lost the ability both to reconstitute tha
c
protein suppressed lymphocyte transformation and to maintain
the growth of Con A blast cells, indicating that the proteins
might render interleukin-2 responder cells to be unresponsive
to stimulation by interleukin-2. Similar results have been
reported by Yeh et al. (1986) who found that TCS-mediated
suppression of lymphocyte transformation was not relieved by
addition of exogenous IL-2 containing lymphokines. It is
conceivable that the abortifacient proteins might either
competitively bind to the interleukin-2 receptors or affect
certain cellular events of the responding cells making
proliferation to be difficult. The fact that splenocytes
from protein-treated mice and splenocytes preincubated with
a
proteins ija vitro produced less interleukin-2 in the culture
supernatant when compared to that of the control suggest that
momorcharin and trichosanthin not only can inhibit the
responsiveness of T cells to interleukin-2 stimulation but
could also reduce the production of interleukin-2. The
mechanism whereby the abortifacient proteins can lead to an
impaired release of IL-2 from Con A-activated splenocytes is
as yet unclear, whether the proteins may exert their action
directly on IL-2 producer T cells or indirectly on the IL-1
producing macrophages remains to be determined. Accordingly,
the observed suppressive effect of the momorcharin and
trichosanthin on the Con A stimulated lymphocyte
transformation might be due to the combined effect of
impaired interleukin-2 production and the decrease in T cell
responsiveness to interleukin-2 stimulation. However, the
actual molecular event(s) that leads to such consequences has
yet to be determined.
CHAPTER 5 : THE CYTOTOXIC AND CYTOSTATIC EFFECTS OF THE
ABORTIFACIENT PROTEINS ON A VARIETY OF TRANSFORMED
AND NON-TRANSFORMED CELL LINES
INTRODUCTION
Trichosanthin was found to be active against abnormal
growth of trophoblastic cells in hydatidiform mole,
malignant mole and choriocarcinoma and this abortifacient
protein has been used in combination with other
chemotherpeutic drugs, herbal medicines and surgery for
treatment of cancer patients (Anon. 1972a, 1972b; 1974;
1976c; Chan, Tong and Lau, 1982; Yao, 1978). On the other
hand, Pan, Xian and Yeung (1985) has reported that protein
fractions prepared from the root tuber of Trichosanthes
kirilowii and the seed of Momordica charantia can inhibit
tumour growth in sarcoma 180 bearing mice. These
observations, together with the fact that many
immunosuppressants have been used for anti-cancer purposes,
have led us to the investigation of the anti-tumour
properties of momorcharin and trichosanthin against a
variety of different cell lines both in vivo and in vitro.
In this chapter, we mainly deal with the in vitro effect of
the proteins on the viability and the growth rate of cell
lines from different origins, either transformed or non-
transformed. Certain transplantable tumour cell lines were
grown in mice and the in vivo effect of proteins on the
growth of these cells were tested and would be presented in
the next section.
RESULTS
5.1 Cytotoxicity of Momorcharin and Tricosanthin on Various
Transformed and Non-transformed Cell Lines
The in vitro effect of momorcharin and trichosanthin on the
% viability of various cultured tumour cell lines was
o
examined. The cells were incubated at 37 C for various
intervals (12, 24 and 48 hr) with the respective proteins
at a concentration (100 jigml) that usually elicited
maximum suppressive effect on the tn vitro cell mediated
immune responses of mouse splenocytes. The% viability
was monitored by cell counting using the trypan blue dye
exclusion method (Philip, 1973). Studies using murine
tumour cell lines such as P815-X2 cells (a
methylcholanthrene-induced mastocytoma of DBA2 mice) and
MBL-2 cells (a Moloney leukemia virus-induced T cell
lymphoma of C57BL6J mice) revealed that there was no
significant difference in the% viability of the cells
after incubating with the proteins for up to 24 hr when
compared to that of the control (Table 5.1 and Table 5.2).
However, their% viability dropped abruptly to nearly 50%
to that of the control at 48 hr of incubation. On the
other hand, when Ehrlich ascites (EAT) tumour cells were
incubated with the proteins, no difference in the%
viability between protein-treated and untreated groups was
observed (Table 5.3) after an incubation period of 24 hr
and only a slight decrease in the% viability was observed
in the protein-treated groups after 48 hr of incubation. Of
Table 5.1 The effect of momorcharin and trichosanthin on the%
viability of MBL-2 cells
MBL-2 cells
co-cultured with3
% viabilitybof MBL-2 cells after incubation of
















aThe concentration of proteins co-cultured with P815 cells was
100 uaml
bThe% viability of P815 was determined by cell counting using
trypan blue exclusion method, results were expressed as the
mean of triplicate counts+ S.E.M.
Table 5. 2 Effect of momorcharin and trichosanthin on the'
- viability of P815 cells
P815 cells
co-cultured witl
% viabilitybof P815 cells after incubation 01
















aThe concentration of proteins co-cultured with P815 cells was
100 uaml
The% viability of P815 cells was determined by cell counting
using trypan blue exclusion method, results were expressed as
the mean of triplicate counts+ S.E.M.
Table 5.3 Effect of momorcharin and trichosanthin on the%
viability of Ehrlich Ascites tumour cells (EAT)
EAT cell
co-cultured with
% viabilitybof EAT cells after incubation of
















aThe concentration of proteins co-cultured with EAT cells was
100 uaml
bThe% viability of EAT cells was determined by cell counting
using the trypan blue exclusion method, results were
expressed as mean of triplicate counts+ S.E.M.
the three murine cell lines tested so far, the proteins
appeared to have no or slight effect on their viability
after an incubation period of 24 hr, indicating that the
proteins did not exert any immediate cytotoxicity against
the cells thus tested. However, during the course of cell
counting at 12 and 24 hr of incubation for these tumour
cell lines, though the% viability did not change, their
absolute cell numbers were apparently less than that of the
control which was not treated with the proteins. This
implies that the proteins might be cytostatic to these cell
lines.
5.2 Cytostatic Effect of Momorcharin and Trichosanthin on
Various Transformed and Non-transformed Cell Lines
The cytostatic activity of the abortifacient proteins on
various cultured cell lines was assessed by examining the
growth-inhibitory activity of the proteins on the cells
o
cultured iji vitro, as measured by the H-TdR incorporation
assay. Cells were incubated with different concentrations
(0- 50 iigml) of the proteins for 24 and 48 hr after
3
which the cells were pulsed with H-TdR for 6 hr and the
incorporated radioactivity was determined. Some cells were
found to be rather sensitive to the growth-inhibitory
action of the proteins while others were relatively
resistant to inhibition by the proteins. Some were
significantly suppressed at 24 hr of incubation whereas
some were significantly suppressed only at 48 hr of
incubation. Fig. 5.1, demonstrated the cytostatic effect
of the momorcharin and trichosanthin on the proliteration
of P815-X2 cells. Suppression was observed in a dose-
dependent manner with an ID at around 10 Mgml of the
50
respective proteins at 24 hr of incubation (Fig. 5.1. A).
Although the suppression at 50 Mgml was higher after 48 hr
of incubation as compared to that incubated for 24 hr, the
approximated ID was similar and around 5-10 Mgml (Fig.
50
5.1. B). Similar results were obtained with MBL-2 cells
which exhibited a very sensitive growth inhibitory effect
(approximated ID was 10 Mgml for momorcharin and
50
trichosanthin) at 24 hr of incubation and even greater
suppression was seen at 48 hr of incubation (approximate
ID= 1 Mgml) (Fig. 5.2.). It should be noted that at 24
50
hr of incubation, the% viability of MBL-2 cells co-
cultured with the proteins (100 Mgml) was nearly the same
as that of the control (Table 5.2) whereas 50% suppression
of proliferation was observed at a concentration as low as
10 Mgml. EAT cells were suppressed in a similar way as
that of P815-X2 by the momorcharin and trichosanthin in
terms of their approximate ID (5-10 Mgml) at 24 and 48
50
hr of incubation (Fig. 5.3.). Although EAT cells showed
only a slight decrease in the% viability even at 48 hr of
incubation (Table 5.3), yet the inhibition of growth was
prominant at 24 hr of incubation at low concentrations of
proteins (Fig. 5.3.A).
Since different cell lines seemed to exhibit different
sensitivities to the cytostatic effect of momorcharin and
trichosanthin, therefore a number of other cell lines of
different origins were then tested in order to examine
whether the proteins do exhibit selectivity in their
cytostatic effect. Fig. 5.4. showed the dose dependent
cytostatic effect of momorcharin and trichosanthin on PU5-
1.8 cells, a macrophage-1ike cell line derived from BALBc
mice. PU5-1.8 cells were very sensitive to the cytostatic
effect of the proteins and exhibited an ID at
50
concentration as low as 1 |igml after an incubation period
of 24 and 48-hr. Apart from the murine cell lines, a
human choriocarcinoma cell line (JAr) was also found to be
particularly sensitive to the cytostatic effect of
momorcharin and tricosanthin as revealed by their low
4
approximated ID of 1 ngml and 0.1 |igml at 24 and 48 hr
50
of incubation respectively (Fig. 5.5.). In order to test
whether the cytostatic effect of the proteins was only
specific for transformed cell lines, a non-transformed cell
line from the primary embryonic fibroblasts of ICR mice
was prepared. It can be seen that the proliteration of the
ICR-embryonic fibroblasts was suppressed moderately by the
proteins at the first 24 hr giving an ID of approximately
50
10 ngml for the three proteins (Fig. 5.6.A). Suppression
became more marked after an incubation period of 48 hr as
the approximated ID decreased to 1 ngml (Fig. 5.6. B).
50
A similar profile of response to the proteins was observed
in the L929 cells which are transformed fibroblasts
derived from C3H mouse (Fig. 5.7.). They showed an
approximated ID50 of 10-50 gml and 5 ngml after an
incubation period of 24 and 48 hr respectively and could
be classified as moderately sensitive to the growth-
inhibitory effect of the proteins. In addition, the human
head and neck cancer cell line (LICRHN 11) exhibited a
moderate response to the growth-inhibitory effect of
momorcharin and trichosanthin with an approximated ID50 of
10 ngml and 1-5 ngml at an incubation time of 24 hr and
48 hr respectively (Fig. 5.8.).
Finally, two cell lines were found to be relatively
resistant to the cytostatic effect induced by momorcharin
and trichosanthin. The rat hepatoma cells (H35) did not
respond much to the cytostatic effect of momorcharin and
trichosanthin with approximated ID50 of 50 jigml and 10
jigml at 24 and 48 hr after incubation respectively (Fig.
5.9). The baby hamster kidney cells (BHK-21) were the most
resistant cells tested so far which only exhibited
significant suppression of growth at protein concentrations
well above 10 ngml (Fig. 5.10.). The ID was greater
50
than 50 xgm at 24 hr of incubation (Fig. 5.10.A) and fell
somewhat between 10 and 50 jigml at 48 hr of incubation
(Fig. 5.10.B).
5.3. Effect of Momorcharin and Trichosanthin on The Growth of
Transplantable Tumour Cells In Vivo
The in vivo anti-tumour activities of momorcharin and
Fig. 5.1,through 5.10. The cytostatic effect of momorcharir
and trichosanthin on the growth of various cell lines.
concentrations (0.1- 50 jigml) were co-cultured with 1-5 x
5
10 cells at their logarithmic phase of growth in 0.2 ml
complete RPMI medium in the wells of a flat bottomed 96-well
o
microtiter plate. After 24 and 48 hr of incubation at 37 C,
3
each well was pulsed with 0.5 iCi H-TdR and the
radioactivity incorporated was determined. Results were
expressed as% suppression with reference to the control.


















Protein Conc. (ugml) Protein Conc. (ugml
Fig. 5.1. The cytostatic effect of MMC and TCS on the growth of P815-X2 cells after incubating


















Fig. 2. Hie cytostatic offset of MMC and TCS on the gnowtli of MBL—2 cells aftsi incubating





















Fig. 5.3. The cytostatic effect of MMC and TCS on the growth of EAT cells after incubating
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Fig. 5.4. The cytostatic effect of MMC and TCS on the growth of PU5-1.8 cells after incubating
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Fig. 5.5. The cytostatic effect of IvMC and TCS on the growth of chorio car cinema (JAR) cells






















Fig. 5.6. The cytostatic effect of MMC and TCS on the growth of ICR embryonic fibroblasts
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• o.T. The cytostatic of foot of MMC and TCS on th© growth of L929 colls after incubating
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Fig. 5.8. The cytostatic effect of MMC and TCS on the growth of head and neck cancer cells
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Fig. 5.9. The cytostatic effect of MMC and TCS on the growth of hepatoma cells after incubating
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Fig. 5. 10. The cytostatic effect of MMC and TCS on the growth of baby hamster kidney cells
(BHK-21) after incubating with the proteins for A) 24 hr and B) 48 hr.
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trichosanthin were also studied. It is clearly seen from
Table 5.4 that a single injection of momorcharin and
trichosanthin (4 mgkg given i.p.) into C57BL6J mice 2
5
days after MBL-2 implantation (10 cells per mouse)
significantly suppressed the growth of the tumour in vivo,
as demonstrated by a marked reduction( 5 fold for a-MMC, 9
fold for p-MMC and 14 fold for TCS) in the number of
viable MBL-2 cells recoverable from the peritoneal cavity
of mice 10 days post tumour challenge. Similarly, when the
anti-tumour activity of the abortifacient proteins was
tested on the EAT cells, it was found that the number of
EAT cells recoverable from the peritoneal cavity of
protein-treated mice was negligible as compared to that
recovered from the control mice 10 days post tumour
challenge (Table 5.5). These results suggested that all
three abortifacient proteins can act as effective anti-
tumour agents i_n vivo.
Table 5.4 Effect of momorcharin and trichosanthin on the growt

















aC57BL6J mice were injected i.p. with a syngeneic,
transplantable tumour MBL-2 (105 per mouse). Two days later,
one group was given a single i.p. injection of momorcharin or
tricosanthin (4 mgkg) and the control group was injected with
an equal volume of PBS. Tumour size on day 10 post tumour
challenge was measured
bData are expressed as mean± S.E.M. for groups of 6 mice
cSignificance of difference between values of control and,
protein-treated group was determined by student's t test
Table 5.5 Effect of momorcharin and trichosanthin on the growth

















a C57BL6J mice were injected i.p. with a syngeneic
transplantable tumour EAT (105 per mouse). Two days later
one group was given a single i.p. injection of momorcharii
or tricosanthin (4 mgkg) and the control group was injecte(
with an equal volume of PBS. Tumour size on day 10 posi
tumour rhallenae was measured
bData are expressed as mean+ S.E.M. for groups of 6 mice
cSignificance of difference between values of control and
protein-treated group was determined by student's t test
DISSCUSSION
In chapter 4, it had been shown that all three proteins at
a concentration of 100 pgml were generally non-toxic to
normal spleen cells after an incubation period of 48 hr.
That simply implies that immune responses of mouse
splenocytes such as mitogen-induced lymphocyte
transformation, mixed lymphocyte reaction that were
suppressed by the proteins were unlikely to be the result
of the direct killing of splenocytes by the proteins. In
this chapter, studies using a variety of rapidly
proliferating tumour cell lines have shown that the
proteins did not appear to have immediate cytotoxic effects
on these cells since cytotoxicity of the proteins against
the tumour cells was not obvious after 24 hr incubation.
However, the cytotoxic effect showed up after a further
incubation period of 24 hr. The cytotoxicity of the
proteins, were found to be different for various cell
lines. Of the three tumour cells tested, MBL-2 cells
appeared to be the most sensitive and EAT cells the most
resistant to the cytotoxic effect of the proteins. It is
interesting to note that the proteins did not exhibit any
observable cytotoxic effect on cell lines such as MBL-2,
P815 and EAT cells at an incubation period of 24 hr, yet
3
the rate of H-TdR uptake by the cell lines were markedly
inhibited by the proteins at the same incubation period,
indicating that the proteins would exhibit growth-
inhibitory rather than cytotoxic effect on the tumour
cells. This raised the possibility that the proteins might
be used as anti-tumour agents.Studies on the cytostatic
effect of the proteins against the growth of various cell
lines have revealed that different cell lines responded
differently to the growth-inhibitory effect of the
proteins. Due to the selectivity of the cytostatic effect
of the proteins, cells may be arbitrary classified as
sensitive, moderately sensitive and resistant to the growth
suppressive effect of the proteins according to their
approximated ID at 24 and 48 hr of incubation on a
50
comparative -basis. The most sensitive cells thus tested
were human choriocarcinoma and PU5-1.8 cells; the
moderately sensitive cells in the order of decreased
sensitivity were MBL-2 cells, ICR-embryonic fibroblasts,
LICRHN 11, L929, P815-X2, and EAT cells; and the resistant
cells included the hepatoma and the BHK-21. Results from
other laboratories have shown that MMC and TCS are potent
protein synthesis inhibitor in the cell-free lysate system
(Stripe personal communication; Xiong et al.., 1980). It
could be speculated that the observed cytotoxic effect and
the cytostatic effect of the proteins might be principally
due to this protein synthesis inhibitory property of the
proteins. Whether other mechanisms might also be involved
have yet to be determined. As noted above, PU5-1.8 cells
were very sensitive to the cytostatic action of the
proteins. This is reasonable since PU5-1.8 is a
macrophage-1ike cell line and would be expected to possess
some properties of macrophages such as phagocytosis. It is
possible that phagocytosis facilitates the internalization
of the proteins into the cell interior which is thought to
be a prerequisite for their action(s). The selectivity of
the cytostatic action of momorcharin and trichosanthin on
different cell lines might depend at least partly on the
efficacy of the internalization of the momorcharin and
trichosanthin, which would then exert their action through
the inhibition of protein synthesis. It is rather logical
that inhibition of protein synthesis would result at a
reduced rate of proliferation. As the action of proteins
persisted, the cells affected would be expected to be
unable to go through normal metabolism and would gradually
die. That might explain why momorcharin and trichosanthin
were apparently cytostatic at the initial stage(s) of their
action and became cytotoxic only after extensive and
prolonged contact with the cultured cells. This is a
common mechanism of toxic injury to cells due to inhibition
of protein synthesis (Bridges, Benford and Hubbard, 1983)
because the immediate impact of inhibition on cell membrane
permeability and energy production is probably slight. The
cytostatic effect of the proteins was not restricted to
tumour cell lines. The actively proliterating ICR-
embryonic fibroblasts were also inhibited from
proliferation by the proteins at a moderate sensitivity.
So, the cytostatic activity of the proteins is not specific
to a particular cell type or a particular species, cells
that are active in proliferation are liable to be affected
by the proteins, be it malignant or not. It is interesting
to know whether the action of proteins would be a cycle-
specific one, as many of the cytotoxic drugs do. Due to
the selectivity of action of the proteins, hopefully, the
proteins might be used for therapeutic purpose to cure
tumours that have been tested to be sensitive to the
proteins such as choriocarcinoma in humans. In fact,
trichosanthin has been used therapeutically for the
treatment of certain types of trophoblastic tumours (Jin,
1985; Yao, 1978). The proteins were also effective to
cause growth-inhibition of two malignant tumours, MBL-2
and EAT cells, in vivo. Since the proteins have shown to
be immunosuppressive, it is unlikely that an immune
enhancement contributes to the anti-tumour effect of the
proteins. Rather, a direct interaction of the proteins
with the tumour cells may be required. The momorcharin and
trichosanthin are highly immunogenic proteins and would
induce hypersensitivity in mice( Zheng et ah ,1986). In an
earlier report by the Rui-jin Hospital (Anon. 1974), one
patient died of suspected hypersensitivity towards
trichosanthin and this explains why a skin test is usually
carried out before trichosanthin is used for abortion.
Since from the experiments studied so far, trichosanthin
and a- and p-momorcharin exhibited very similar activity
and therefore the momorcharin would be expected to have a
similar drawback as the trichosanthin. Fortunately, these
three proteins do not cross-react immunologically with each
other, regardless of their great similarities in
action (Law et al., 1983; Chan et al., 1984; Tam et al.,
1984a, 1984b, 1985). This opens up the possibility of
combined administration of the three plant proteins to
avoid sensitizing the patient if one single drug has been
used continuously over long period of time.
GENERAL DISCUSSION
Our present finding that proteins with
immunosuppressive activities can be isolated from the seeds
of the bitter melon plant is compatible with others who
have reported that immunosuppressive factors could be
isolated from the fruits (Vesely et aj_., 1977; Takemoto,
Kresie and Vaughn, 1980) and seeds (Spreafico et ah,
1983) of the bitter melon plant. Thus, Vesely et al.
(1977) have shown that a guanylate cyclase inhibitor from
the ripe fruit of Momordica charantia could block the 3H-
%
thymidine incorporation in Con A-stimulated rat
splenocytes. Likewise, Takemoto,Kresie and Vaughn (1980)
have demonstrated that a crude bitter melon factor derived
from the aqueous extract of the fruit could cause the
growth inhibition of human lymphocytes and lymphoblastoid
cell lines. Perhaps our results are more analogous to that
of Spreafico et al. (1983) who have isolated an
immunomodulatory protein from the seeds of the bitter
melon. The protein, known as the Momordica charantia
inhibitor (MCI), is a potent inhibitor of protein synthesis
in cell-free system. It is clear from our studies that a-
and p-momorcharin exhibited some immunodulatory activities
similar to that observed for MCI. These include
suppression of the mitogen-induced lymphocyte
transformation and the inhibition of the humoral antibody
response to SRBC. Since both a- and p-momorcharin and MCI
were all isolated from the seeds of Momordica charantia and
they possess similar molecular weights (Spreafico et a_l.,
1983; Yeung et ak, 1985) and immunomodulatory activities,
it is quite possible that they are very similar, if not
identical, molecules. However, a number of differences
have been noted. Firstly, no neutral sugar was detected in
the MCI (Barbieri et al. 1980) whereas both a- and p-
momorcharin were found to be glycoproteins (Yeung et ak,
1985). Secondly, MCI was reported to be more inhibitory to
Con A and PHA responses than LPS response and thus appears
to be a primary inhibitor of T cells (Spreafico et al.
1983). On the other hand, we have found that both the Con
A and LPS responses were inhibited to almost the same
extent and this suggests that the momorcharin could be
modulators for both T and B cell responses. Finally, MCI
could enhance the spontaneous macrophage-mediated
cytotoxicity, both in. vivo and in yitro (Spreafico et al.,
1983). In contrast, we have found that the phagocytic and
cytostatic activities of the macrophages were depressed by
prior exposure of the cells to the proteins in vitro. In
addition, the thioglycollate-induced macrophage
accumulation ijn vivo was significantly inhibited by
administration of the proteins into the mice. Hence, the
identity and the relationship between momorcharin and MCI
remain to be determined.
In view of the potent immunosuppressive effect of
momorcharin and the fact that many immunosuppressive
agents are generally cytotoxic to malignant tumour cells,
we have also attempted to evaluate the anti-tumour activity
of momorcharin, using murine tumour models. Earlier work
of Fletcher et al. (1980) has shown that the crude extract
from bitter melon fruit posseses anti-tumour activity as it
can reduce the occurrence of rat prostate adenocarcinoma ijn
vivo. Several antileukemia factors have also been purified
from this crude extract (Takemoto, Kresie and Vaughn, 1980;
Takemoto, Jilka and Kresie, 1982). One such factor acts
preferentially in leukemic rather than normal lymphocytes
as competitive inhibitor of guanylate cyclase activity in
vitro and lowers cellular cyclic GMP levels in vivo
(Takemoto et al., 1982).The leukemia cells were suspected
to contain more sensitive guanylate cyclase (Takemoto,
Kresie and Vaughn, 1980; Takemoto, Dunford and McMurray,
1982) and inhibition of which serves to return the cyclic
AMP: cyclic GMP ratio to normal resulting in a decreased
rate of cell proliferation and, perhaps, cell death (Jilka
et al., 1983). On the other hand, Lin, Hou and Chen
(1978) also demonstrated that two lectins from bitter melon
could inhibit EAT cell growth at relatively high
concentrations in vitro. Results in this thesis have shownI
that a- and p-momorcharin also possess similar anti-
tumour activities in_ vitro as they are cytostatic for a
number of different transformed and non-transformed cell
lines with certain degree of selectivity. In addition, i_n
vivo studies have demonstrated that single injections ofr ii'—
the proteins into MBL-2 or EAT tumour-bearing mice are
effective in' reducing their tumour size, thus suggesting
that momorcharin could inhibit the growth of murine
malignant tumours, both i_n vivo and i_n vitro.
Although trichosanthin is a protein isolated from a
different plant source, namely, the root tuber of
Trichosanthes kirilowii (Wang, Lin and Zhu, 1976), the
molecule exhibits similar immunomodulatory activities on
the murine immune system with the same degree of potency as
that of the momorcharin. More recently, Yeh et al. (1986)
have reported that trichosanthin could suppress the Con A-
stimulated- lymphocyte transformation, the suppression of
which was not limited to the triggering period since
trichosanthin also depressed the initiated Con A response
of spleen cells. Addition of exogeneous lymphokines from
lectin-free Con A conditioned medium could not relieve the
suppression. Their results coincide perfectly with some of
our work reported in this thesis. Since the protein is a
well known abortifacient agent, clinical studies have shown
that trichosanthin would elicit different degree of
hypersensitivity for different patients( Wang, Jin and
Tien, 1979) and this hypersensitivity was also reported in
mice( Zheng et al., 1984). Besides its immunosuppressive.
action, trichosanthin was also found to be active against
the abnormal growth of trophoblastic cells in hydatidiform
mole, malignant mole and choriocarcinoma. Clinical reports
from hospitals in mainland China showed high cure rate (90
- 98%) in malignant moles using trichosanthin alone or in
combination with other chemotherapeutic drugs, herba
medicine and surgery (Anon. 1972a; 1972b; 1974; 1976c; Yao
1978; Chan et al., 1982). A recent report by Tsao, Yau an
Yeung (1986) have shown that trichosanthin exhibite
differential cytotoxicity towards melanoma cells an
choriocarcinoma cells while fibroblasts, hepatoma an
squamous carcinoma cells were comparatively more resistan
in vitro. Similar selective growth-inhibitory activitie
of trichosanthin against a variety of different cell line
were also found in our studies. Our data clearly show
that the choriocarcinoma was the most sensitive and th
fibroblast was moderately sensitive whereas the hepatom
was the most resistant towards the cytostatic effect of tin
protein. In_ vivo treatment of mice with the proteins ha
indicated that trichosanthin, like a- and p-momorcharin, i:
effective in reducing tumour size in mice inoculated witl
the moderately sensitive tumour cells such as MBL-2 an
FAT rells.
a-and p-momorcharin are glycoproteins isolated
from the same source with similar physicochemical
properties but are immunochemically distinct molecules.
•»k
On the other hand, trichosanthin is protein containing no
carbohydrate and is purified from a different source to
that of the momorcharin. Although they are different
molecules, interesting enough, the three proteins behave
similarly in their immunomodulatory properties, antitumour
effect and even abort ifacient activities with the same
degree of potency.
Zheng and Wang (1986) has recently reported that by
comparing the amino acid sequence of trichosanthin and the
subunit A of Ricin D by computer analysis, a remarkable
sequence homology between the two proteins was found. Due
to this sequence homology between trichosanthin and A chain
Ricin D and the fact that both trichosanthin and
momorcharin exert similar biological activities as well as
protein synthesis inhibitory activity in cell free lysate
system (Xiong et_ a]., 1980; Stripe, personnal
communication), it is quite logical to classify momorcharin
and trichosanthin as the members of a group of cytotoxin,
the so called 'Ribosome Inactivating Proteins' (RIP) of
which the A chain of Ricin D is a typical example. Since
RIPs exert their biological actions mainly through their
protein-inhibitory effect, so it could be speculated that
the observed immunomodulatory properties and antitumour
activities of the momorcharin and trichosanthin might be
due to their inhibitory activities on protein synthesis.
The possible action mechanism(s) of the proteins might
involve the first recognition of receptors found on the'
surface of the sensitive cells. The bound proteins might
then be transported and internalized in the cell interior
with the subsequent inhibition of protein synthesis. The
consequences of inhibited protein synthesis in the immune
effector cells might be the reduction of the lymphokine
production and antibody formation. For actively
proliferating cells such as tumour cells and blast cells in
the lymphocyte transformation and MLR, inhibition of
protein synthesis would be expected to result in retarded
growth rate. If the action prolongs, the cells would
gradually die. These appear to explain well on the
immunosuppressive and antitumour properties of the
proteins. Selectivity of the actions of the proteins on
different cell lines might be the result of a difference in
the affinity and amount of surface receptors, efficiency of
transportation and internalization of the proteins into
cell interior as well as some other intrinsic inherent
properties. Although protein synthesis inhibiton could
account for the immunomodulatory and anti-tumour effects
of the three abortifacient proteins, it has yet to be
formally established that this mechanism is the only or the
major one involved in the phenomena observed.
For the verification of the putative action
mechanism(s) of the proteins, much more work has to be
carried out in the future. By the combined use of
radioreceptor binding assay and the use of monoclonal
antibodies, the existence of the receptors and their
distribution and affinity could be verified. Likewise, the
momorcharin and trichosanthin can be coupled to sepharose
so that the proteins can only bind onto the cell surface
but cannot enter into the cell interior. Whether these
coupled proteins could induce immunosuppression and
antitumour effect would help to prove if internalization of
the proteins is essential for their actions. Moreover, the
detail site(s) of action of the proteins in cell interior for
the expression of their protein synthesis inhibitory action
should be scrutinized to see if they act like the cytotoxin
abrin and ricin that enzymatically inactivate the 60 S
ribosomal subunit, rendering it to be incapable of binding to
elongation factor 2 (Sperti et al., 1973; Montanaro et al.,
1978). Since cell proliteration is also controlled by the
interior cyclic AMP: cyclic GMP ratio and a guanylate
cyclase inhibitor has been isolated from the crude extract
from the fruit of bitter melon (Takemoto, Jilka and Kresie,
1982), the possibility that the cytostatic activities of the
proteins might act by altering cyclic AMP: cyclic GMP ratio
through the inhibition of guanylate cyclase cannot be
excluded.
In conclusion, although momorcharin and trichosanthin
have the therapeutic potential to be used clinically as
immunosuppressants, anti-tumour drugs and abortifacient
agents, their high immunogeriicity limited their general
application. However, due to the similarities in the
biological activities of momorcharin and trichosanthin, the
problem of hypersensitivity could partially be resolved by a
combined treatment with momorcharin and trichosanthin, as
they are immunologically distinct. Finally, with the advent
of biotechnology and cloning techniques,- it might be possible
to identify and isolate the part of the protein molecule that
induces allergenicity. Thus proteins with minimal
allergenicity but retaining full biological activities could
then be synthesized for therapeutic purposes. Obviously,
this approach represents a long term goal for our research
work in the future.
Three abortifacient proteins,momorcharin (both the a-
and p-forms) and trichosanthin have been purified from
the seeds of the bitter melon (Momordica charantia) and
the root tuber of Trichosanthes kirilowii respectively.
It was found that non-cytotoxic concentrations of these
plant proteins can significantly inhibit the mitogenic
responses of mouse splenocytes to Con A, PHA, LPS and DS
in a dose-dependent manner. In addition, the
alloantigen-induced lymphoproliteration and the in vitro
generation of a primary CTL response were severely
suppressed in the presence of these proteins. In
contrast, the cytolytic activity of CTL and NK cells was
unimpaired by Jjn yitro exposure to momorcharin and
trichosanthin. On the other hand, a clear decrease in
the functional capacity of macrophages such as the
cytostatic and phagocytic activities was observed under
similar conditions. In vivo studies have shown that
single injections of non-toxic microgram amount of
the abortifacient proteins into mice resulted in a
significant depression of the DTH response as well as
the humoral antibody formation to SRBC. Similarly, the
thioglycollate-induced in vivo migration of macrophages
was also suppressed. Interestingly enough, the in vivo
activation of NK cells was not appreciably affected.
Data suggest that the observed potent immunosuppressive
effect of momorcharin and trichosanthin is unlikely to
Summary
be due to direct lymphocytotoxicity or due to a shift in
the kinetic parameter of the immune response. Studies of
the action mechanism of the proteins have shown that
they did not affect the accumulation and presentation
of the mitogen to the responsive T cells. In vitro and
in vivo experiments have demonstrated that interleukin-2
production was suppressed by the proteins and IL-2
responsive cells lost their ability to respond to IL-2
in the presence of the proteins. Possibly,
internalization of the proteins appears to be a pre¬
requisite for expression of the immunosuppressive action
of the proteins. For most tumour cell lines, the
proteins at high concentration (100 jagml) did not
affect their viability after 24 hr of incubation but the
viability dropped at 48 hr of incubation. However, the
rate of proliferation of these cell lines was suppressed
significantly by the proteins at relatively low
concentration upon an incubation period of 24 hr,
indicating that the proteins are cytostatic to most
tumour cells. The sensitivity of cells to the growth
inhibitory effect of the proteins was different for
different cell lines. Cell lines were classified as
sensitive, moderately sensitive and resistant to the
cytostatic effect of the proteins according to their
approximate 50 Sensitive cells included
choriocarcinoma and PU5-1.8, moderately sensitive cells
include MBL-2 cells, ICR-embryonic fibroblast, LICRHN11
cells, L929 cells, P815-X2 cells and EAT cells in their
order of decreasing sensitivity whereas hepatoma and
BHK-21 were the most resistant cells tested so far.
A
Finally, J_n. vivo studies have also shown that the
proteins could reduce the tumour size in mice bearing
tumours such as MBL-2 and EAT cells.
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